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(57)Abstract: 

PURPOSE: To make the capacity of an optical 
communication system large without being influenced 
by crosstalk by four light wave mixing FWM by 
arranging optical signals with a specific efficient 
channel interval. 

CONSTITUTION: Signals from respective channels 
are multiplexed with high density as signal lights 
whose frequencies are mutually different in a 
transmission circuit 1, transmitted through an optical 
fiber 2, separated in a distributor 3 and detected as 
the signal lights of the corresponding frequencies by 
reception circuits 4 corresponding to the respective 
channels. At the time, so as to suppress the 
crosstalk amount of the respective channels, the 
dispersion values of the respective channels are 
calculated, an optimum distance from a zero i'5 
dispersion wavelength A 0 is obtained and a guard 
band 5 is set. Thus, by arranging the signal lights of 
the respective channels from the A 0 of the optical 

fiber 2 through the guard band 5, the influence of the FWM is suppressed, the influence from 
the other channels by the crosstalk is suppressed, a band is efficiently utilized and the 
capacity of the optical communication system is made large. 
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(2) 

1 

fi*aeat#5£K43t*-c\ 

8*7 7-fA (2) ©*»«ififi$$trW«»««©BS 
3ttiSS*«lffiffl^-hVt>H (5) fcR£U 

>K (5) *KD«ifcSffl (7) L < ttSKfiffll (6) 

K3tt7 7<A* (2) <0*»««fi^$OBf3tW«B0)Bg 
3tt*H^fflffifli#-KA>K (5) £Rj£U 

>h* (5) *K&fi»fifil (7) 43«fctffiSft« (6) <8 
ffimzRSTZZ. 

[W*3S3] R#-KA>K (5) <DW«S]6t, mt '20 
7 7<A* (2) <D*#«»fiK*fLfflifcfi« (7) <hS 

Kfifl) (6) tr^fttcRjE^tirtr^ct^wat 
rzimm 2 E«<B#*ft*aeifcfr5£. 

r#-ka*>k (5) n©a»s« 

(7) <hfi«S« (6) £TS<r>K:Sfcaj:5fc:»5£;* 

»fi*ae3i*a:. 

[1»*H5] R#-KA>h* (5) ^©ffljfififfll 

(7) *3«fcucfi«itsfti (6) (a^n-fnic^w-sMEa 30 
4 ©^-rn^jcE«<7)3tififi*aejS*sc- 

[H*3S6] R#-KA>t« (5) /ufzmmm 
»a«tC»^StlTt^^<t€:«F«<frSH*3S5E« 

©ftftfi^aeat^st. 

[S*^7] |»E®«^ + *Jl'©#«tt<0l8»«*«* 

Ui^^^JKDm^m^TtC^^ct^tC, mfEW#^ 

^2-6 cotr^md^cE«©5t«fi*ae2i^ra:. 

[§f*18] 3t7 7*f A (2) fcffi^ S^tcKfi© 
fi^a£2£#5t£*H>T. 

R3t7 7-fA (2) A. o £R3fc77-f A 

(2) «3fi^(6jO*»«ififitfe»0€fKH± A Ao £ 

s^^7-r/N* (2) tcaiir©«fE*»*a 
^a{fc-r^#H9Effl»^ir*;Kom^3tt*saifr 



- 1 0 7 0 6 9 

2 

[»3jcJE9] R3t7 7<A (2) lcac>T0)ME«# 
«Kfilf ^€fKH©JS«fi38 (Ao -AAo)J;Ot)i 
»fiffllZHa*«iB^aifl£ffl/f- K A> HA Ag £KW\ 
jgg (Ao - A Ao — A A g ) «fc9t>£SKUSRftffl 
ic, «rEa»^^^JKO(S^3t*EB"rsci:*«F»t 

8 E«©3ttjftft*aea^sc. 

WM10] #77<A (2) fcfflu, SIMCiftfi 

©a^sffl»^+^u©(i^>e$*affc;LTeai-rs3t 
«s*aeis*a:Jc*5^T, 

i«7 7<A (2) <B##«ftfiAo ^Rjfc^r-fA 
(2) ©fi^|fiI(Z)*»«ftfilf 6t3fr«EH±A Ao £ 
£#«U 8*7 7-fA (2) K^^TWffifE**** 
fijf 6o€r«H0)fiiftfi« (Ao +AAo)J:OfeMS 

[»*H1 1] R5t7 7<A # (2) Ic^^TCfflBf 
&"P€r«H©S»tS« (Ao +AAo)=tOfe 
fiKSffltCBg3tiftfi^*PIEffl/f-HA # >h*AAt £^ 
tf\ (Ao +AAo +AA« ) £9 fc£ £SCg&^ 

t9Ea»^-i**^om*5t€:BES"rs^<t*4#a 

^r^nt^ 1 0E««5Ci8L«*aeis*a:. 

[W*B1 2] 8*77^fA (2) tTO§5fia« 
;i/0)«^*ieS-rsci:€:«Fa«!:-r*«*^8- 1 1 

ed^-rti3&McE«©3t«fi*aeis*sc, 

[»*Jfil 3] R3t^7-rA (2) *-C<OSEffiffl£ 

*»«»«»tfflir^TR3C77-f A (2) <D*iM&»ft 

Ao £5^:7 ^ IliitCJ; 9, MEafSt^^Off 

*f3fc£, JW*tt±* SJEe2|nIffi#«rttcEB-r*Ci: 

£»a<t-r*§»*B8<-i 1 o^t*^KE*«)3t«fi 
^a^ iM-/? jCo 

eia± 6 adc£=%& u BJEast^+^Koffi^srie 
■t$»«A Aidh fi«fiffl*3«fc«fi«fifll<z)ias« 

(Ct3^^TB9E»««*Stf ^^€r«Bd Aoc/ffrtttBL 

Tis^-r-5>ci:^i#a<i:-r^is^jei 3isf0«i^ 

[«f*fll 5] 8*77^/^ (2) izmmZtlZytm 

-r^ci:$:ifa^-r^if*^8- 1 4©^-rn*^cE* 
co5t&g#aeis*iCo 

1 6 ] S9Effl»f L i'*JKO(i^3e<^> , Eatfi* 

^AAm *«»LTR«-r*;i£*#a£-r4»#* 
8-15 (Oir^ti3a^cE«<o3t»fi*aes*iC. 
[»*3Bi 7] mmm (21), *^s§ (2 2) 




3 

tf*fi« (2 3) &S*R<ff8B (2 2) £^LT|£ii 
@« (2 1) j&*&©B^3fc«:R3H« (2 3) ^CiSf 

S3teis« (20) ic*5»-&»«a&a«-rs3t»«« 

az 7 h (24A, 2 4B) ^Wfflfl, 
R2«»©3t»«Mi«BiL- ! y h (2 4 A, 2 4B) £ 
**a-fnB06gjS^ (2 0) iCjfAU 

Rxess (20) ©eawfi!ft&5*ox»ii 
h*Bt2aa©5t»«««s^.-y k (2 

4 A, 2 4B) ©+^6i8«UTKjtCai* (2 0) JC 

[H3RJH 1 8 J Stmm (21), (22) is J; 

(2 3) &$*R*tt8 (2 2) zfrLxmm 
mm (2 1) 0>&0>B***Rftfi« (2 3) MEuTt 

*3fce*s* (20) (c43tt*»«K»s««r«>3t»**t 

iEfiflF^0>*fc-5fl t «a€M&"r* 2 «a©*»«*t«s 
iZyh (2 4 A, 2 4B) Sr^ffljSL, 
K3ttG2l* (2 0) lC*5tt*fl**«£SMeU 

3.-^ h&Bt2aa©*»»*«g^y h (2 4 A, 
2 4B) <0*j&*S8«LTR>fce2i* (2 0) tCjfA • 

9] £««K (2 1), +^ (2 2) *3<fc 
tfgffl* (2 3) e^^i^iSS (2 2) £^LTRi£ 
B« (2 1) a>S<0B*Mfc£R3B« (2 3) MSiMT 

z>ytfcm& (20) {c*3tt5»*s*««-rs3e»*« 

^ (2 5A, 2 5B) Sr^a&JflSU 
Ka»a«C03t»ttlifl|»a.-y h (2 5 A, 2 5B) 

rbr. »^£XAfej&*e^n-pnR3te2i* 

(2 0) tc» At, 

R*esi* (20) weayttt^AfiFiu^-siaBS. a 

*-&©Jt»«*l«S3.-y h (2 5) RttRSMO 
3t«HRR«B:x=y h (2 5 A, 2 5 B) ©f^SIlR 

•ftsELRjtea* (20) izWA-mmTzztzft 

■ its. 3e»«»«36rSC. 
[R*«2 0] £B« (2 1), *i®B (2 2) 

tf«ft« (2 3) es*R*titB (22) zitLxmrn 
mm (2 1) ^6a)fl^«Rsm (23) ^gin-r 

£>>tgi£^ (2 0) £43ttS#«a&M«T53t#«« 
5/ h (2 5 A, 2 5B) Z^&mMl,* 

Botes* (20) k:*»-s»»«*wftL. 

Rfc#ftttl*iK:tt*RBR. »ftli:0»£#«ti«B:x= 
(2 5) RRRaR<03fc5MR*lft8:i;iy h 




(3) #OT7 - 1 0 7 0 6 9 

(25A, 25B) W*^e»aS?- *5£L, R36gjS* 
(2 0) tCffA- RB-TSC 

[R^jR2 1) Rjteai* (20) at, s^icrs© 

R3tgii^ (2 0) *T. fi ^3t€:*iSfiS«3-iftr^ 
SS^il, S-ftfiwfi^OJ^r^^fttcR^R* 
i^az^h (2 5, 2 5 A, 2 5B) ^iit^Ct 

/o z&m£?z>m#mi 7-2 oco^-rn^tcss®co^^ 

RMR35SC. 

[H*«2 2] mytBm% (20 s^icrs© 

R^giM^ (2 0) «^3t*«RRr^k:»R 

y h (2 5, 2 5 A, 2 5B) ^iSgf 
-5C«!:S«p»i:-rs»*3Sl 7 - 2 0 O^-rndMCgBR 

20 [R*B2 3] R^gM* (2 0) S^lcRfi© 

R}tg£t* (2 0) R«R^**;K0ffi*§3tK*|- 
L-SUTR5t»«««B^--!y h (2 5, 2 5A, 2 
5B) £RR-r*£££4#»£f 7-2 O<0 

[11*12 4] R3fc#«*f * h (2 5, 2 5 
A, 2 5B) tC, R5t»«»«B^.- y h (2 5, 2 5 
A, 2 5B) {Z<kZ>?tm%:$:MmL'DZ>ytmm& (2 
30 6) £(=finUfcCi:S:1*«<!:-rs»*«l 7-2 3©^ 

MM&H2 5] R3fc5HR*MtBJ.= y h (2 5, 2 5 

a, 2 5B) <DMa*5j:tjtaaro-tn-fntcR3e«MBB 

(2 6 A, 2 6B) *fflPUfed«!:*«F»<!:-r«»»*JH 
2 4e*eMt#«MR2F*. 

[»*JH2 6] R^gs* (20) iz&ftz&mmm 

(2 1), R+f&B (2 2) , R^{f« (2 3) (DfrfZ 
<th—D\Z, R3t»«*t«B^=y h (2 5, 2 5 

a, 2 5B) ^iijfrabra^tr-itc^o, mtftW. 

40 ifigazy h (2 5, 2 5 A, 2 5B) *R3te3l* 
(2 0) l:» A • RIT5Ci:«:1#atT5l*«l 7 

-2 5<oo^m^K:E«a)>C»«*«*SC. 

W*«2 7] R3t»«*«B3.z:y h (2 5, 2 5 

A, 2 5B) ^Sffi (2 7) ±tC||^L?t/^u/^-> ? 

(2 8) iltMl, R/^y^r->?*ffi"PR3t»«M 
Blga-7h (2 5, 2 5 A, 2 5 B) CDA&x. • 
*£?T&5£££#«<fc-r*»*S2 6E«03tt»«« 

MM2 8] i£ffffi (2 1) , (2 2) 

50 tfSfgR (2 3) ££*R*&S§ (2 2) £fl*LTRii 
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5 

mm (2D fr^nm^Kzm^mm (23) ^&m? 
ijcess (20) £;fett*#«»£«sr*3fc5MMi 

Ksteigs (20) ic&tt£^ifi*gs (21), R^at 
as (2 2) , m&mm (2 3) c7)'>&< t*>-n\z* m 

h (2 5 A- 2 5 D) (2 9 A- 2 9 C) 

€*LTBE*»«*«»3.-y h (2 5 A- 2 5 D) <D 

(2 9A-2 9C) £SfFr££<!:tcJ:9, 
BE«Raa©3e»»*l«»3.-!y h (2 5A-2 5D) 

<D+frzmmte»&it<Dyt&WLffim%s3-=.y b (2 5 a 

-25D) £8KLTWD«*.K*eig* (2 0) K» 

2 9 ] KttJft^S ( 2 9 A- 2 9 C) 

2 8 K«(&3te#«««;fr3£. 

3 0 ] ( 2 9 A- 2 9 C) *BES 
{1^ (2 3) ffl3&^©*«ai«^^J:0«ffUTR3t»« 
S«ga- y K (25A-25D) ©fi^-S^tt 0«*. 
^chf^^^, I£^{f$S (2 3) fflfcTBBteig* (2 

o) oeanftt^a^LT, K3tein« (20) <D^m 
^^mmt^m^(D^mmm^^y s (25 

A-2 5D) £»5£U 

ssmw (23) fpjj^ b (Dmmmmzx o t£<?m^f% 

(2 9 A- 2 9 C) £»f£U iMI»-7h 
(25A-25D) f7)ij&£"fr£, *3£^*l/tR3ttf5i2l* 

(20) (Dfcm&vkfimmttezm&wzwQ&TLZzL 
t&«F«<fc-r*w*3i2 9 E«©3t»««**a:. 

[if#Jg3 1] BfflftfS (2 9 A- 2 9 C) n 

*!2 8-3 0 05V^-rn^tc8B«^3t»1R*ifll*SC. 

3 2 ] R«*^a ( 2 9 A- 2 9 C) **, % 

28-30 <d^-rn^jcEtt©3e»«tf 
co 0 0 1] 

•mi^ffi^^i^^ (H1-B4) 

• «2*««©H* (H5) 

• m3^SS^OSK^ (H6, H7) 

• m4H2Efl<0R91 (B8) 
■ »5|6»«OKW (H9) 




(4) #B¥7 - 1 0 7 0 6 9 

6 

• m 7 m&m&stm (013-022) 

• m 8 m^m^mm (023-025) 

• »9HJfi««)»^ (02 6) 

• m 1 ommw&mw (027) 

•mi l^ifi^^Ui^ (02 8-030) 
. SS 1 2 HJfiW0>RK (0 3 1-03 3) 

• as 1 3 (034-036) 
■«14^1fi«a5K^ (03 7-04 0) 

• mi 5fgiS#J<Z>I8W (04 1-04 3) 
10 $£ty<D%%: 

[0 0 0 2] 

^fctC, «Atfx;Hf r>A K-^77-f A'it^gff (Er 
-Doped FiberAmol if ier : J£TF, EDFAil^) 

g^«t mm&»wo itofflsja* (kt, spm-g 

[0 0 0 3] 

^(7)mmis^^i±<vmm<vfz.&(vffl9thftmzftf£frtL 

0> OTAtf, 3?fiE"Cte2. 4Gb/s007tilff ^>X^A 

30 am,*, wsatt^rs-riijini-r^^t^ffl^ti, ceo 
[0004] ^mm^7sT'L,(^±mmit(D^mti\,x 

<0£*ft;£t±j^£WDM UKfi#Sl*ft ; — Kid, 

40 [0 0 0 5] Z<Dvt>s TDM<D£.ofcgrm{£\Z&^X 
« : p{ElKWiBjift^i&H^^0, Itt-efiStGb/s 
£fi|JSLj^WDM (F DM) ;#5£Tte, £iM»£tOiea 

mm, ytfrm&w (mux/demux) \z^v. &m 
50 [0 0 0 6] Cut. 3t«K»w±"c&fi*aL'Teai 
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(5) 

7 

"t^WDM (FDM) ;fr5£-Cfi. JtT >^tD#lflMff«ft 
[0 0 0 7) 

J:5fc*e»{fc;£®*jfc«>fc:WDM (FDM) #5££IB 

«MCES3tti8fi'& C£TF, FWM (Four Wave Mixin 
g) £^5] tDjK»&iH¥tCfe*K d<DFWMtCJ;£fdl 

^■V*;i^e>G>£7 I ^©fc^fCfiiil^Fffit^oT 

L £ 5 <fc^ 5 KB****. ^#cD^jH^<^^U- 

[0 0 0 8] 4#tC. 3t7T-f A*0*»«iftfi#ifi 

¥F&<D'£{kWm£l,X, ttilL/:FWMlCj;6^DXh 

(a)Sfi*fi« (b)36«BBO*Tfe E D F A 
A*>F. (d)S PM-GVDMJC«t5»IIf«, (e) 

[0 0 0 9] t^T*, Ttilff ^X^AODSSg^b^cfc 

tt, EDFAtOfflaiCkOSfflBSSn, Sc^pkmJ^±CD 

tt, ©S3t««+iKgT?a)ASE (S«Stta3t: 40 

Spontaneous Emission) ^fStCct -5>7t S N R (Signalto 

Noise Ratio)#{b<h. ©KerrJ!ft*€:^U3tS PM-G 
VDa*lC<fcS«^fl: < i:(0 2O(DKH"t?fi||5Sn^. 

[0 0 10] ultie>(0^-6©©S PM-GVDJS*t«t 

0, -?-©SPM-GVDa*tCJ:*ift»*ft;i3j:t;»« 



^5ji7 - 1 0 7 0 6 9 
[0 0 11] ±SE<OBMTffl^6n3ijt»«««Slc 

s^ans. sfc, niseis:*?) 

1. 5 5|im»«y7h77<A (KT, DSFtIi 
■5) gi£BiBM:frt"e&<, RROl. 3/imi/>m 
- h* 7 7 < A' (HT. SMF(hv^) fiiSBlB^WfflL 
fcfiffi*- jBBii3tji(S ^rA^, WDM (FDM) 

[0 0 12] ft=pkmK±©iefiffii83taffi>'^T-A©» 

«^nti^c d©*»«*i«a*tt. ds 

F ft 1 8ps/nm/kmO*#^:»«ffl** 

■f6SMF{cli:wra^o 

[0 0 13] 3t»*««gg<!:bTtt, 
«7 7-fA, h7>*A— U\)U:7 <i)\s$9<-f. yt^M 

3 7MSI*tSui:T, #««- 1 0 0Ds/(nm-k 
m) Hl^&tlT^S. 
[0 0 14] S6(8©5t7 7<A-eiSK(Z)*»««fi«fi 

[0 0 15] ^SBWttC^^^feRH^a^fOgBStifc 
feCO-e, *58flO)Sl«)@»^ *77-fA'(Of 

at; f wMo«#€«i/Ta$©j:^^t * jmwpht 
[0016] *«ga©s2©awtt, wieufc* 

7 7<A # <7)BfK«Ftt t^©**^*) 
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(6) 

9 

fc<, SPM-GVD«*lcJ;*»i£#ft£§B«i« 
^CUSPM^tOe^bfiSIM (GVD) tC£ 

[0 0 17] /O 

^aftr^$w«Efflft^^^;Kofi#*€r, r#-ka 

[0 0 18] *«^©*«fi**e2l*3t (If* 

^«IIEffl;tf-KA*>K£R5feU i^mffc-f ^ftrfffiffigc 
^^*;U©fB^*€r, R#-KA>K^<Og«;£ffl!tf3cfc 

[0 0 19] -tLT, ffiESR^^l'Wfl^fcRtf 

K3t^T^A # (D*»«ififiic»Ufiifififl(ItfiiS 
ftffl£T###K:R£LTfc«fcV>l, («*B3) , ME 
aR^i-^WS^roBft-r^^^^PBlBSS:, R# 30 

[0 0 2 0] H«tC. StEaR^^Jl^ff^fcRtf 

- ka*> Ki^atcEBi-r^*^, r#- k a> \*k<d£. 

fSlCRSUTfecfc^ («#JH5) . R#-b* 
A > H £te $ ^'ilESStf * *;K0«#3t<B*^ * 
«JE-*R©SR«K:R5£l*T ! bJ:lr> (If* 

[0 0 2 1 ] *5i5W<03t»fi^fieii^iC (If* 

JH8) tt, 3t77-fA4ffl^, SmcifcR^SfcSISR 

isia)*»«jftfitf e»o€riEH± a Ao u R3t 

EfflR^-v^Koff^&EK-rsct^ifatbr^ 50 




- 1 0 7 0 6 9 

10 

Z>« C<D£2, W3t*7 7< A*(COt»T0)8tiE*»»iftfi 
tf b^^^O^^iSS^ (Ao -A Ao)£9 t>*£i£S$ 

(Ao — A Ao — A Ag ) «t0 fcS6fCfiftfifflll;:, h9 

9) . 

[0 0 2 2] *K^<03t»fi^figj8*SC (If* 

R^ + *JKO«^3t^fifl:UTei3|-r5fe^lC4i3^^ 

T. R*7r-f A*(0*»«»fiAo tR3«7r>rAa)fi 

^|6]©*»«»*tf&^€rlllH± A Ao 

R3t 7 7 <i A* (c o 0 » T hu E«»«Kfitf S IB H o 

£lS£8 (Ao +A Ao)«tOt>fi»fi«(C, &M<t-?^ 

^HSEffiR^^^Od^^EIB-rSili^Wa^U 

iftfitf <E>^€r*EH0>fiifcKS (Ao +A Ao)ci:0 feSffi 

£ (Ao +AAo +AA 8 ) £9 SlCfiiftfi«UC, 
H9E«R^**;U©fS^3fc£EllLTfccfc^ 1 
1) . 

[0 0 2 3] CKBi^, Rt^t-Y A^TOSB 

plffi**^^, ii9E«R^ + *Jl'<0«*§'#£BBHU 3C 
»«««S*ffl^TR*7r-TA<0*»«iRfiAo 
7 h2iS:*£il;:.fcCK S9EaR^-^^KD«^je«r, 
jL;&H*±, S9Eeji|prffi«r«l*ltCE«LTfecfcV^ (If* 
JS 1 3) o 

[0 0 2 4] £btC, ^ 
B9EfflR^^^;KO«*3t*Eia-r*«r«A Awoy 

S3t*«BOfiI»ffir«rttC, H3EaR^-v*;KZ)«^3t 
*Bil/Tt»«t^L (H*JSl 5) , ffirEHR^-r*^ 

fi^3t^EBt-B*«A ^idh ^ItaLTRSUTtxfc 
(H*fll 6) o 
[0 0 2 5] tC5T, *38^0)3t»«a«*iC (if* 
311 7) \ts iSff«. ^^B^itfSflat^R^M 

B^:^ LTRi^ff b CD ft ^5tS:Rfi(S«^eiS'r S 

^n^iRTtgi^lctf Al, R3tgiJI*a>ej3l4#ttd« 



-6- 




u 

[0026] mtz. *a9B(03t»*««*-a: 1 
8) *«B*5<fctfs««&^*«*8iB* 

2l«03t»(IHima=y h 

i9) sfs«. tfatB&cfctfs&n&s^RfiitB 

jl- «/ ho*^e»jBK • 8H£bR3fcfii3i*lc# A • R3 

[0028] ^jtssi;:, *5s^©3t»«««*a: (if 

«-ft£U l»eei£*»c»A-HB"r*ca: 

[0029] ±*bfc3t»«««*a:tc43WS5teis* 
urt><t^u «**3H2 1) , mftfcmmtpT?. mnyt 

LTfeil> (W*3H2 3) . 

[0030] zrz, ±aLfc3e»«*i«*atc*tt*3t 
^»*^M^Ua^>7tti«i«iB^#ifnbTt> c t< uraof 

2 4) . ^^t, R3t»«««B^.-y hW«9S*5«t 
tf«a©-tn-€ r ti^R3t«MHB*#jSnLTt>«fc^ (IS* 




(7) 7-107069 

72 

12 5) «, S^IC, ±»Lfc3CgiS*^43»*RjilB 
a, R*^B, Rfte«©*tt<tfe-t5k:. R3fc#* 

«««S^.-y h^R5tC3l«Jc»A- R«LTfei< 
(»*B2 6) , 

y^ffiTRJtihKMfllB^y h^A&A • a&^£?T 

[0 0 3 1 ] *«5B03t»fR*«*a: (»3R«2 

/0 8) sim«. *«B*J;tfSm«£$*R*»B€: 

^ LTRjg««te* <E> (Ofi^3t *RS««^eiilT*3te 

mz&tf&mmmm, r^^b. R^m$t^'>&< £t> 
-ate. jejiw*. Miox&^xsaH^mt 

»Bi--;h*, ««^S*^bTR5t»«*«B3L- 

IU RW»*S**f^r*Ct»c«fc0, RSScS^cd 

«B^—y h-^H^LT^D^AR^gj^^tcJf A • R 

[0 0 3 2] fit, R^m^^^gU^^^SH^ff^ 
lZ&K>MfcLTb£< (11*12 9) , i©tt, R^J 
i^^^RSm^^bC^^Wf^tciO^LTR^ 
»«fc**B^=y h©a^-fr€--^01ftA^i:HB#fC, R 

*fi««*cTR>ee2i*«)eaiwtt€»suT, r^c 
j&m <n e«#tt^« is £ & * ro5t»«fc««B ^ - 

*N£ftj£L, RSff«<MA^(7)ffll»«^(C«fcOR^«: 
#&€r*f£U R*»«*MtB^--y h ft 

feztifc R5tea* ©eisittt^M t & * m^-e tc ^ 

50 0MTfe«t^ (§f*13 0) o 

[0 0 3 3] ±i£L/!:*J»^&£. 

^f;:«fc9#iJifcLT&<fc^L (111*13 1) , yt^y9- 

KJ;0«j£LT'bJ:H (Ijf*13 2) . 
[0 0 3 4] 

i) >t7r-f A&fflv^si^ciftficoa^^fflft^ 
fci-^€r«R3^*;u<B«**3te*i. 3e77<A©*»« 

[0035] mrc ±KEUfc*»^©3e«fi*aeai^ 
(»*«2) *«A:-r^*aR^i'*jKD«* 

[0 0 3 6] CCOch^, 367 
50 r<A©*»«»fitC»US»fi«tfi»fiflltT*J* 
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13 

fi»fiffl|Ofi^3t<!:©m"C*i;*FWM5e*t. ff^K 
[0 0 3 7] mit* #-HA*>F^<0JS«fiffl*5.fctfft 

[0 0 3 8] 4#tC. Cicoi^, #-^\*>K£te£A^c 
Sftf&fCKffi-rsctfCtO (it** 6) , ^f-H/1> 

3t&EB-r*c£icj:9 (it** 7) , fwm^e^ 

[0 0 3 9] — ±ab&*58W<03tiftfi*aei£3& 
(OfR. *»«8fitf5^tKiofiiSfiS (Ao -A A 

o)«tofeSiKfifflitc, *fiikr^#fflft^^^;Ko«-^ 

T, 3t77<AOft^|RlO*JHII[8«f6^*3M« 

[0 0 4 0] £<£><h€\ Eg3tt»S*&MUEffl*'-KA>H 
A Ag £#ffU i£g (Ao — A Ao — A A« ) cfc 0 & 

ssicfiKfifflifc:, «ft^**;u<0«#5te£EB-r*c 

<htcJ;9 (IS** 9) , *»«ififi<OS«fiffl!ltc*3^ 

[0 0 4 1] ±^L^c*^^cD7t«S^Sfejg^ 

-tORS, ME^SSKStfS^frJBHrofiififia (Ao 
0>«#3fc£EB-r*;i<!:teJ:0, «#«&ft<0fiifcsffl 

[0 0 4 2] dO<h^, Q33t«fi£fflffiffl;tf-HA*>K 
A A 8 £#fltU (Ao +AAo + AA« ) J; 0 1> 

s&Kfiafifflic. «R^*;i<<B«#3fc£EB-r*;: 




(8) ^W7 - 1 0 7 0 6 9 

14 

[0 0 4 3] Sfc. 3e77<WT0)SPM-GVDa 

^R^^i^m^^EB-f^cttCcfc 

0 (H*JB12) , SPM-GVDa«i:«fc58iK*fl: 
£#&L£m^Eg£fT&?££a<"e#£o £fz. yt 

70 ^-rSS^M (GVD) ICct*«^*ft©**i;SAt, 

[0 0 44] 3t77-f/WOSPM-GVDa*l:i 

^tc, «R^**;U©«#5fc€:EfiL&»^fc* 

£-t*\ fflR^^I^fi^tS:, JWn*±, mfffigiH^r 
ffiW«rt(cE«'r^Clt(C«fcr) (Ift**l3) , SPM 
-GVD»*C<tSift^*{fc:«:#aLfcfS#*i2B€:fT 

[0 0 4 5] £t>tC, 3t»*««83^ffl^S»'&, 1^ 
^ + *JU(Z>«^#£E«T*ffl?«A Awdu £ifc&ffl!l 

43 j; tjc Hiftsffl ram tc o c > xytfti&ffim&e) ftmi$m 

R^ + *;KZ)(i^3t&EB-rs»«A Awdu £&3ILT 
»£T*z:<tK:J:0 (11**16) , fI^3fc0>3fciBiBil 

[0 0 4 6] i:c^-e, ±iEUfc**^<73*»flMS«^ 
SC (§f!**l 7) t?tt, BJfe^TiEft^cCiatt^ft 

[0 0 4 7] ±3zEUfe*«W©5t»«««^SC 

50 [0 0 4 8] ±3iELfc*%^CD7t^«ffiia^S 
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75 

(§S*!1 9) Mfc^TIEAflW. MIWIjS 

»HHMSa-yht*08W, a*li:£«Afc**S 

[0 0 4 9] SfcS&tC, ±j£Lfc*«9! 

[0 0 5 0] ^Lt, ±SEbfc3tfi2l*3&*Sl^Cjftfi<D 

fi^sesi^ff^^*^, (if ^2 1) , 

22) , a&s^ti, aft^^*ji/om*3ttc*fu— su 
r (n^Ji2 3) , jt»»i«si=y h^ism^ 

[0 0 5 1 ] i=fc, ±aLfc3t»«««g^-^y Mc* 
jjaT £ d <h led: 9 (»*52 4) , 

fflS©*i«S©«t«S (E*T, NF (Noise Figur 

[0052] ±sEbfc3teai*tc*3frt*aif& 

*»«Ht«»n.-y h«teS&#k:#A- RBT SCt 
312 7) , ;^ 7 ^ - y MT^Mii^^^ 7 h^A 

■ a&*£eBKfTfe*., t^^ott, 

[0 0 5 3] Sfc, ±^Ufc*«?H(03t»«»**S: 
(»jRJH2 8) Ttt, 3te3l*tC*3»S2l«« ( +« 

[0054] -fit, ®&^m\*ft$ifrt><Dfflwmn\z 



(9) 4#P!¥7 - 1 0 7 0 6 9 
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«fc0 8f£-r* BAITS' (»*«2 9) , CCOi: 

70 [0 0 5 5] ±j£Lfc««*R<2: LTfcL ««H 

>Wy^ (§1*313 1) 7f (»*S3 2) £ 

[0 0 5 6] 

(A) K1XXSR®S« 

20 n^^WDM (F DM) »IBe2yR©t*J**^"^^D 
[0 0 5 7] £?\ ®2fCJ:0***fi«©3tifi*^ae 
fglHlKltt* ffiRcD^*Jl^£c7){f^§-£, SiWcraK 

<DT*foz>o cKoaimiHiisni* (CH-i- 

CH-n) SJCKtt&nfcU— 9*^=^-1* (LD-1 
50 -LD-n) 1 a ^t^SOl/- tf ^ H 

[0 0 5 8] 2li3l«[llBld^C0*afl:$tlfcm#je 
*e3l"rsfc«603t7 7'< A, 3tt3tt77 > T/ , C2^e»<Z) 

h- i (i = i-n) SKR**fcnRM§-rsra«R (» 

M7^fJ^4at, 3t7-f 7U^4 aSrWWT^MHlel 

B4 c t^^^TK^tm^, 

[0 0 5 9] tC?>T\ 3t77-fA2^g«<!:l 
TCDFWMfi, 3t7 7<A2©*»««fifl5a<0*«S: 

KncT^fi{kLT3t77^A # 2lCA*Lfcfl#JC, (t^ 

[0060] %7 7^m ©*»«ififi«5no#«S:ffl 
50 ^fc^WDM (F DM) gxiiC^l^T, «t>JRU^»« 



17 

C<DFWM\Z-D^T<S:OWmiZmm'?'«* FWM 

th »ic, n-wmm. 7**frBiw, 

[0 0 6 1] flAtf. 
fi , fi , fk (As 



(10) #W7 - 1 0 7 0 6 9 

*&gCfii* (i£SAuk ; i=#=k. j=*k) (0»4O3t 
FWMT*S. CCD^S^fiiK (StfiAiik ) 

*5t (i) ©HB*S8fc-r>6««»a)ffiiai3** 

j, k©a^«flSR f i jk (ififiAuk ) ©{4 
[0 0 6 2} 



f i - f n (SfcfiAi -A 
Ai , Ak ) (CcfcO, 7^7 

f i j k = fi + f j — fk (Aiik 

mrz. «»»fiik (KfiA.jk ) <D**a*d«S5<* 

fijk (&&gAi , Aj , Ak , Aiik ) <D&&m& 

Pi ik — 

7) i jk • { (10247T 5 • X I I 1 1 2 
• (Leff /Aeff ) 2 * P 

ZifcU 77 1 j k HSftRfiik (KftAijk ) <D5£±$h 

j =sfc k <Dfl$, d = 6 , i = j =*= k OPS* d = 3 ) , n \t 20 i&ft f i , f i , f k (iSfi A * 
n7<OJffiSr*. AJim^Kfi. cttJtiS- Leff StOA^/ty — T&<5. 

(3) tCcfc?)#*&n5*»7fc77<A # fi. Aeff till* [0 0 6 4] 

Leff = (l-exD(-aL) } /a (3) 



= Ai + Aj - Ak ) ( 1 ) 

[0 0 6 3] — J&tC* 3^<Z>fg#^ir^JKO«ift**— St 
LTI/^^, FWM©3t«* OtA 1 ?— ) Pi ik 

sc (2) -e^^n^o 

• d 2 )/ (n 4 • A 2 • c 2 ) } 
i • Pi • Pk • exp(- aL) (2) 
★fT^rfflS (=ttW 2 , Wf«-H7<-JI/Kg) , aH 

*77^Ao»i«s, Pi , Pi , pk te^ti^nm 

\i , Ak ) (nmn 



Z.Z_X\ *^j»*77iik 



7?) ji^a (4) tss*i 



[H4exp(-aD -sin 2 (A j3 L/2)/ {1-exD<- aL) } 2 ] 



^^T<A + 205MS[^D-ydD/d Ad*»fitC 

A j3 — (tc A* /3 c 2 ) • 



/ (a 2 + A0 2 ) (4) 
* (5) , (6) -C3E2n<5o 
[0 0 6 5] (a) f i =*= f i 
k ) coif^ 
(dD/d A) 



f k ( Ai =*= Aj 



(b) f i = f j =36= fk 



{ (f i + fi - fk - fo ) 3 - (f i 
- ( f j - f 0 ) 3 + ( f k - f 0 ) 3 

^Ak ) <Dm^ 

(dD/d A) 
• ( f . - f k ) 2 
±5C (2) 



fo ) 



) ) 



/c 2 ) 



(Ai =A 

A (3 ~ (ttA 4 

• 2 • ( f i - fo ) • 
:CT, DUjt77<AO»fim dD /dAli2 
^<03t7r^A©«fi»«, fo tt*»«3tHJfi»"C& 

fcfc'L, ±12 (5) , (6) 5tK:*3frt*ffi»!& 
fi , fi . fk , fo fc-tn-ftlKfiAi , Ai , A 
k , Ao \zmt&?Lfz$>(Db, ±St<tH«lCjSSrr 3. 40 

[0 0 6 6] ^ + *;i/<D»&, ^ifiRfiik (ifi^A 
iik ) (D&m\zm±TZ>FWM<D i , j ( kO(fl*§t) 

»^k:o^T3e«*Piik ^L 
T, *©JBftjWBKft f m (KfiAij* ) OfirSlC^ 

ffl^Ti7D7l — ^aCRti^SC (7) Ocfc-pK^Afc 

[0 0 6 7] CR=10 - log { ( f i jk <D&W\zm$L? 
Z>±X<DFWMft/1*7 — <DmW / (fiik <J)%iM\Z$> 

zmmtnv-) } (7) 50 



(4) - (7) 



(5) 



(6) 



?»*0>R9il;:lRbT«;, JBS:. ±KBLfc^tCcfc Off^ti 
fcFWM<DfM*C0JM* ! b9 (H3, (34, 07, Hi 
1, B12#ffi) SflJHT^-5. 

[0 0 6 8] ST, MSBLfc«fc5K:, 3t7 7-fA - 2<D» 
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(11) 

19 

[0 0 6 9] CCD® 1 \Z7fk-t^ofS.^^^)^m\Z^tl 
fM^Ao £«©F WM»l£ffl;tf-- 

[0 0 7 0] 3t^7-f A2lC«fcD£igSnfc«^feH:. 
&4lcA*r£n, A#^v*;UK:#JSLjfcffljfcft (& 

miHiB 1 o^r^R* 1 6 (n = i6> , ^-r^ma 

SfS£150GHz, Jt7y^ A2fl)fi$L$9 Okm. 1 
JU!ifc0<O3tAa^7 — P£+ 3dBm <h bit vA^A<Z> 

Xi in =5.0 X10' 15 cm 3 /erg(esu) , A.ff =4.6 X 
10" 11 m 2 f a^S^SSXIO-Snr 1 (0.23dB/km), d D 
/d A=0.65ps/(km • nm 2 ) ift^ TH£>. 20 

[0 0 7 1 ] £1©IS3 fC*3^T, ^4»C0 4 0. Ops' # 
«>3B«H, CHI T^M^IT^ 

^>o (ch no. ) wmTLZiz-onfrm 

ItiMXD-7'dD/dAt;^t^f<^:^ 1^3 
K^f 0, CH2, C H 3 , CH4T 5 CQ^OXh 

3, cH4\zf^mLxmwvrzm^m4\z^-r 0 z.co 
m4\z*kT&o\z, mx.\x* ^dxi — ^a^3 0dBj^ 
T\z$vA.z>fc&\ztz. ch i <o»««^o.64K±tc-r*a 

tf«t<. W^.tfdD/d A=0.65ps/km- nm 2 50 

CHlt*»IMffiAo 1 OnmB-frtf «t<, 

1 0 nmCDtf- h*A # > K 5 ^IS^tn^l^ tK&S, 
[0 0 7 2] .C©cfc^l:, ffl 1 *JSW0>3ttifcfi*fi£2t 

FA*> K 5 £:frlT«^*;U0>«^3te£E«T* 
K£0, FWMCDi2#£^jET£^DX | ^KcfcSffc 

OO^Mff >X J- A CO A^fift: Sr^ST €T S <, 

[0 0 7 3] **Jfi«tC*3^Ttt, 40 

KIAo <fcDfcfiifc&«6KEHLT^*j&t, 
iSIAo J: 0 ^jififiH 7 K*- K;^> K 5 tfi 

(B) m2|^ffi^C7)i^^ 

B»*^ra^»s. *2S8JswtLro*iftft 

£4£af;#5£fc. ®2JC«tOK?8lxfc>eWDM (FD 




^¥7 - 1 0 7 0 6 9 

20 

[0 0 7 4] flT, *^J6«(C3&^S3tiftfi^aeSI 
F WMSJEEffl^- hVO K 5 £Rlt, KA> K 5 CD 

^coMiSSH7, fiSfifljeo-tn-en^s^^^jKo 
eig^ic^ntf, 3tit«s©«F«rt, **^tt3tffls 

«|R<D**W«rtTFWM©a**aiAT47 DA 1 ^ 

a^ Mcm^#£EB-r*££a«-?£*<0T, ss^eai 

[0 0 7 5] (C) »3||Jfi«©H^ 

WLiWfcWDM (F DM) #Eg2£*<tH«<©t><0K:ig 

[0 0 7 6] fit, »3g6JfiW©3t»S#-«ej3l*-a 
Ttt, IS 6 tC^f^^tC, FWM#PJ£ffl#- KA> K 5 
##«SfiAo £*ifc<tLT, MSS(BiJ7 4i3J:^S 
iSfifl!l6 #»#(tJ&^J: 5 (CtSfrt <»:<!:*> 

(Af) <tfi»S«6 (Af) t-CStWca&SJ;^ 
tC^LTEg-T^Jz^tC^^Tl^o 
[0 0 7 7] K A> K 5 cDM&S, fi»fiO*«"C 

3t <tft»fiffl©m^3t t(Df^L:§F WM^<Dfg£{i 

[0 0 7 8] 0iJx.tf, (21 7 (C^-T ct^fC, ZEftOT-^* 
;UP«lH*«AS»fiffi7 1?200GHz, fiifififfl6"C150GH2 
il, #-KA>l«5(D«£fi«*ffl7-Cl. 6 

nm, fi»fi«6T4nra<!:Lfc«'&, ^Jim\Z F WM 

tC^^^^JK^ff^^ESTSditCcfcD, FWMCO 

[0 0 7 9] (D) »4^1SWOH^ 
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21 

i£^t*K H2tCcfcO»?HUfc3ttWDM ( F DM) 
[0 0 8 0] fit, »4HJSW©3fcSft^S£j£#5t 

5 t.V>^ J r*)\smm&b f ' =B • XtL. f-t^n 
+ m- 1 <h^*;Un +m£(D^ir*;uraPlt(£A f ' ' 
= C-X<hf£o rwT, Xte— A, B, CttSE 

[0081] ccos 8 {c^-Tcfc^Jc, ^mmm-v 

Wtlt, S«ftfiffl7*5cfcVfiiKSffll6 «t"C, ***** 
[0 0 8 2] — jRfc, ^-v^^PflHSOfilWtt, 3t^F*W 

[0 0 8 3] COi^i^^ *»«KfiAo (£>M 
»fiffil7. £&Kfi!l6 ©^^MHSfc— 3£» Ot^F* 

[0 0 8 4] z.(D£o\z, m4^mmv>ytmm&mfci£ 




(12) «fH s F7 - 1 0 7 0 6 9 

22 

[0 0 8 5] #£iSWlC*5t*T, «ft^-r*JKB 

(E) %5Xj|fi0iia>Rn 
S^jtfc, H2ldci:OR^Lfe3tWDM ( F DM) »E 

[0086] ^it, »5S8Jfiw«3tiKfi*aejji^a: 

"Ctt. 9 \Z^Xo\Z, FWMjfpj£ffli/- KA*> K 5 

(iftfi) A*8£Snt^4. JWfrMfcfc:, ^-v^JU (C 
H) i <Dytm&$t& f fTSt, flESc©? 1 **^ j ©>t 
f ±A - X (A : KR, X : 5feR) €r«fc"T 
20 cfc^tKSStlTI/^. 

[0 0 8 7] ije^ctaic^^^nea^fT&^^ttc 

[0 0 8 8] (F) m6H^J<Z>!£B^ 
^ii^iCfe, M2 lC£!3R9JLfc;)fcWDM (F DM) # 

[0 0 8 9] fit, *6*is«o>t»fi*acai*sc: 
^0 <br**jwmfczte^&?\zr**)i'$:&m'?z> (ft 

-5) o il OC^jm CH3 £CH8 £<D 1&<D 

[0090] aifsiHiKi c^^^^;u§(^ i 6 , 

^■fr^UBBIH SI 50GHz, 200(^z, 250GHz , ^ri'A' 
2CDg£L£9 0km, 1 ^^^USfc 0 CD^A^A^- 
PSOdBm tL^y7fA<7)I^ ^ft^^ax 
1 — ^0»»»*ttHl 1ICSTID"P*-3T, i^m [hI 
^ICO^-^^jUgc^l 6, ^**;Uft1RB£150GHz, 200G 
50 Hz, 300(^z, *7 7<A2fl!)fiSL€:9 0kni. 
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23 

&\Z\±* &n>*)U<D&nx I — ^<Otf*»*ttig 1 2 

^5^^^;Ki(5tr^PX I — ^li- 3 0 dBiuf& 

[0 0 9 1] S3*»Wt£SKUfcei7-ett, CH2, c 
H5, CHI 1, CH 1 50)^nx h-ZO&W&^tl 

o X~ffiQm-?£* CH 2 <bCH 1 5 £&m&0. CHS 

(0 2fttt»«tto)ait«3&«|sii;'b<z)T*s. 
[0092] *»«8SAo tte$^2fi«±#*« 

(5) SC^&fe»^-5<t 

iLT^PXh-^H«tl.. flE^T, 011, B 

[0 0 9 3] -CD^iC. S6HlfiCT<753tififi**e3l 
*SC(C«fc*ltf, *»«»fiAo £te$A/-e2»E*±#« 

Enci^Tf, ^oxi — £MC<fcSfl&^**;i^S 

[0 0 9 4] ^43, ±SEL>S:»l-»6l61fiWTJi, ^ 
(G) S7 jll6Wa>R9! 

A) ) IC&t^T, m^ffilWFWMtCcfc'&^O^ h-^ 

<0^ + *jH2H«, £fC FWMffllflEG>fc«£><Z>#— HA 
5) , S PM-GVD»«KJ:*ftHBflf«. ED F AO 
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Sa&Tfifi-ca*. SSIC, 3fc#«Ji«B£ffi^*££ 

[0 0 9 5] cn^&»^-r-5«7^«0||*5«J:tf«8|| 
Jfi«-Ctt, H±©BiS#aLfei:t«), WD Ml&StlC 

#TFT 7 7 -f AG>*#«iSfi £ ^ CDtf b t? # £ 01 

(b) E D F A0>jfl|f#fi?«, (c) F WMjqiJ£<7);t 
K/O K, (d) SPM-GVDMl:«fc*MK««i:^ 

Kirr*. 

[0 0 9 6] 

(a) fcm^mm^m®. 
20 n&cDm^ft&m&mmmA as -ceBUfc»&\ &s 

*fi«-^3t#«A Aioy ttAAs X (n-1) 

«»5MiiS®«d, ft ^3f££l*]CDFW 

M3t^f<ftO^'6T?*5-*, S4, »5*JfiffilJc: 

[0 0 9 7] (b) EDFAfiJft^^ 

50 DFAS4i8!8«Lfcafl)ASEX^NI'« (A S E 
X^ MUiMS ttJStaf E D F A©ffJ»»flftC» L t> (75 
T*&£) Sr*-r*^ 3S«©EDFAtS«fTtt, 1550-15 

tttiS (A Aedfa = 1 Onm) P^tC^TO)^ -v *;KBf§ #3tt 

[0098] jfe*3, ±m$kfto>mfc&ftVL£.i*x\*. m 

tt, EDFAiM^Ilfb, EDFajS©«ig{fc, 3t 

[0 0 9 9] (c) FWM#Pi£©fc8&<0#— |*A> K 

«»S«5n©«r*$flBt^fc3ttWDM (F DM) SiitCfc 
^T, FWM^f^tlT, 5=-^*;PMIH. ^i-^ 

fiAi -An (Di^yt^XtfLfzm^. C<Di$<DtS:M<D 
3SAi , Aj , Ak *C«t0* 3tt^7<AO3 5fc03#a 
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k) <Dm4<D?t (FWM) jft^tti. 
[0 10 0] CCOiSSAi Jk tt, A9G (1) 

t^orei3n*tts:*fl:$-fr^. mz. ?-**)],mm& 
&mm?r**)b&w&^m&\z\t* i, j, ktom^ 

[0 10 1] -J&tC, 3^0)«^©ll«*5«tt/3t7 7 
-f A*A*ST?0)ttffl3&«-aLTt^»'&, FWM3KA7 

(2) , (3) SC*3«fctf (4) - (6) STi^n^c 
0 1 7tC^f cfc-5tC, 1 6 «©ft#3t€:JftfilBJ 
RSAAs =1. 2nm0)*raRifCgE«Ufc«'&<O, ^-V* 

^PXh-^I CfflfcEbfc (7) SC*Ra) co»#M$H 

18(C^fo ^CDft-#tCffll^cA'^^— ^ti, A =1.55 
jam, xii ii =5.0 X10" 15 esu,Aeff =4.6 XIO" 11 m 
2 , a=5.3 XlO-Sm" 1 (0.23dB/km), dD/dA=0. 
065ds /(km • nm 2 ), L=9 0km, Pi = 0 dBm/ch^&t? 
T<^£. 

[0102] cuoia i 8 tc^-Ti^tc:, 
a£ft*FWM3fccofi'&-frftra:, *n><s>7, 8^*;u 

tl it m 1 II SS^J fC *5 ^ T @ 3 f Z £ 0 K ^ L <D L m « 
<h, f-t^H^^MDchi £0.25ps/(km • nm) «± 

[0 10 3] (d) S PM-GVDj»*K:J:*fHE#« 
0 1 5fi*3B^©»7S6JfiW < l:bT03tJSfi^*ejil*' 

^tyn-y^iT, Z(Dm 1 5 JC*5^T, 1 Ui«fiUg 
^£ft{f^- <«**3tt) K«rr*<fc£ ! blCBI2K:<fc0ffl 

ma, 1 2tt3teasK (3t7 7<A*2) * tear— sew 

*WB1"S-f >^-r>+^ (In-line ampl i f ier)T& 

[0 10 4] £tz* 1 3tt3tgi3IB (3t7 T-f A*2) * 
JCt5ff-5tMI«LR-rep (-f >-7-f >+«ISgl 2G>MPH 

L.n-Une £ 0 fefit^H) "C»A£n*?f £*«ffi 

(Regenerative-repeater)T, d CDB£^if&§ff 1 3 tt. 
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ai/t£2t^fc6«)t»«)'e, 3Mfc*t(B (Reshaping), 
■J^-f S >^(Retiming), MMS* (Regenerating) <D 

So 

[0 10 5] S&C. 1 4ttH2Kcfc0B9*Lfc*fiE 

It, *2feSSWTtt, ±iELfcjim«l l«hS(s«14 
70 3**OT3t7 7-f A-2{CiO««-r«2:«!:T?, ttiffi 

i o«^ntt^o 

[0 10 6] ST, iKEOcfc^ttiteiS* 1 0 

S£*8!»l 3a>|BIHLR-r. B rat. ±ic, (Do^-f > 

*mmi 2T<BASE»«f;:«fc*3fcSNRS&{b£:, ©t£ 
77^fA2(f»"C<0KerrM£iMfcSPM-GVDM 
(Ci:^>^^Mt:<i:0 2^cDMST$!lPSStl^o 
5t7 y A* 2 *^<&A#A?— coTKte* S NR 0 
SHIRS ±PSteS PM-GVDMt^otM^n 
20 So &*5* s PM-GVDa*KJ:*ift^#{b<BffWc 

il 1 1: J: S y 5 a I/ - y a ^ta^feS. 
[0 107] 019 1:, fci£5I^£ 1 OGbps, -f 
>*if$&B 1 2 (B|SJH5Lin-i me £ 7 0 km£ U T 1 &<D& 

^m.t^m^^yT^n 2 ^a^/^-^m^ 

Wm 1 3(^rBlPiLR-re P tWBBfiROWSr^T. 
SS K>^-f 2) 3&^O«ffl*<0*»*± 2 

dB^^f St, ff*#««D.iio. =±lps/(nm-k 
30 m) H*^»88l 3©MHSLR-r.p O^^fi 

ti2 8 0km<h&D, W*»tSEfflD. 1 1 o. =±2ps/(nm- 
km) a5»-&fct, W£*tt»l 3<Z>rflPBLR-r.,> C^SAfl 

ti2 1 okm^^^c &&mfcm*mM^%itmz\±* vt 

/hS < E.^^ 7 -f A 2 ^c^A^/^^-^^: 
[0 10 8] 
T 

40 fe&^DSF (3t7r-fA2) ©m^#^i:LTH, 
t±AAo ( @»D-7' d D/ d A CD 

§g 1 30^PlLR-reo ^©^7 7^^2 01?^ 

[ 0 1 0 9 ] m 2 0 tt, H^CDD S F tC 2 feCDff ^>fe^ 
A^JL, -^CD— J©KfiA2 £1557nmlC@^U =b^ — 
*©«fiAi €2fb$-li:fcd:€r<OFWMK3fea*J)(0»I 
50 (132 0*, SA*IMIT«»Lfcfero) ^r^L 
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Tl>£>« Z(D£€. Jt??^ Okm, £«^3fcA 

>7-£ + 4dBm iLL ##f&&^Ao £-j£«filCBS: 

ufc«*©»j»s* (H2 o«po>ja») tttttrst, 

[oiio] iacM^^ti/T, $%^^7 'lens 
tc. s^**;u<o«^#a*EK«*ft*. *3afi« 

-5«^«CO^T»Wr-5o IB-&, il 3 \Z^k-t£?\Z. 
3£:7 7<A2(0**HR«fiAo <k5t7 7<A-2©fi¥* 

o -A Ao)<fc9 fe^&^fflllC, ^m{bt"^^4^C»^^ 
*;U©«^e&«MBSA As T'gBSLT^^o 

[0 111] £CDi:#, 3tt7 7<A2(Ct3l^T<0*»* 
SfitfS^tKi^fiSfia (Ao-AAo)J;Dfeil6 
fifflltctt, FWMjtPiEM-hVOKAAg £KH\ « 

(Ao — A Ao — A Ag ) «J;l9fe$e>tC«ifififil|tC, 20 
4^>GD^^;K£>{f-5§7 , £ t^JH-4TjfifiXi — 

a* ) ^ESL/T^§ 8 *sisfie*|-m, ^i-^;n(©» 

fiAi te, DSF (3t^7-fA2) Ot»«»fiAo j&> 
SSSSftfiffiiHC (AAo + AAe ) fc'ttBStlfcflrglCKS 
$ntl^ (ifcR (Ao — A Ao — A Ag ) 

[0 112] **JfiW"C«, 3t^T<A2+"C<0 

S PM-GVDS»*fC«t DftS$nSfFS»*fiD 
anow (C«tOa3tSn-5ejJ|pIfig*«A Aspo-cvo f*I 

te, *77<A2(Ct3(r^T<0*»«iftfitf St^^lEH© 

(Ao + A Ao)a*SH8iftfflK, A Aspd-gvd 
= |Daiio. \/ (dD/dA) £tl*|0)S«-C*£. C 

Ao $-c^rsfc*tt*^<« : *-r5itae>^, ififi a 

spo-cvo [ = (Ao + A Ao) — A Aspd-gvd ] b.^-Y^ 

[0 1 13] **1SW-Cta, 3t^7< A2td» 

A Aspd-gvd = I Daiiow \/ (dD/dA) 

= 1(ps/(nm ■ km))/0.08(ps/(nm 2 • km))=12.5nm 
A Ao = (A Aspd-gvd — AAwdm -A Ag ) /2=1.75nm 



5&1550-1560nmGD|£[a) P^fC 4 *;K0fI^ 

[0 114] C1C1T% @ 1 3 IC^LfcS#3ttEK0»JC^ 

eaiii«10GbDsO4ifi©fi^3t€:ififiPBll«A As =2nm 
<0*WIWeDSF (3t77<A*2) ©*»fitififiAo <fc 
0 fcSjftgfflUcEfgU >f >7<>*«»1 2 0>BflHSL 
in-Mne & 7 0 km, S4 *8S 1 3 ©WHLR-r.p £2 
8 OkmchLfci^lC-^T. 3=-i**JUEtB<fcD S F com 
£ 4# tt £ © H « (C ^ ^ T 3£ ^ -T -5 . 

[0 115] ifc^T'f A*£7 Okm, &?--Y*)l 

<D\J]/*y-$: + 66Bm t l,tz L &<D&L&Nim A As fC 
*f1~^, 4T©ftWt<D^PX h — ^ft^- 3 OdB 
STFK&Stf— KA> K A A B (£>H§^£:I12 1 tC^To 
d^lgj 2 1 ct 0, «SP H 1PSAAs = 2nma>»& (ff^ 
f^AAioM =6nm) te, KA>KAA« = 3nnu0* 

[0 116] ^UT, HIl 3tC^rr<fc5lC, EDFAtf) 
fflfMfJ* (1550-1560nm) 

;U 1 CD^gAi £#|ff««<8;gSftST&*1560nmtCR 
^■T^o C(Z)<ii^, JftSAi tt, itu&bfcilDDS FGD 
*#««fiAo d^SifefiffllltC ( A Ao +A Ag ) t£Vf 
mtlftSL&ttt&a HI 9 J: 0, ff^*iB»13 

CDF H 1PiLR-re D =2 8 Okm-CSSfc^XDWe^WttD 
alio- tt- lps/(nm- km) fcM pjf£&{l^- 

T^^gieiatct, HU^b^cilD, (Ao +AAo)^^ 

MfeS^fl^, A Aspd-gvd = I Daiio. \/ (dD/d 
A) «*|0)ffl«-CaD, 4«chfefiapIffi-CB.t3*»« 

tC, ffi^ (Ao H-A Ao) — A Aspd-gvd <h5^ J V^;U4 

A Aspd-gvd , A Ao , Ao <D g-fifri^CO cfc 5 tdS. 

[0 117] 



Ao =Ai +AAo + A A g =1564. 75nm 

^^5, MXD-^dD/dA^^lit', A A 
spd-gvd dt*$<>StO. t^^^^AAo S*t<|fSr 

[0 1 18] HI 3T^i3tt»»««a8Srffl^^^»«-tw 



50 



^ic, *^^*;KZ)«^3t£Eia'rsc: < i: i b"c*-&. 

[0 1 19] EP*u B 1 4co±g{C^TcfcofC, 
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%y 7 << A* 2 4 s -COD S P M- G VD^tC <fc o stjes n 

Aspo-gvd niC 4:?CD^*;U<D{f#5fc£:EBLTj^ 
mi 4<DTWL\Zm-f^\Z. 3e»«««g*ffl^T 
3^7 7<A2^)fMSf Ao £Ao ' l;5/7hSf5 

Aspo-cvo |*gtCEBLT<r><S. 
[0 12 0] £0r>(h£, 4^<9^-V*;U(7){f^7tte, 
»*««BlC«tS">7 hfflflCtt, m 1 3lCTSH31LfcE 
g^Jtf^^tC, &g Uo — A Ao — A A g ) cfcOfcSg 
^{MtC^PtflRfSA As X~mWi2tlZ>ii£b\Z, ED FA 

JHcoMAi *±, *#*ifcftAo ^^MSii: (A 

Ao +A A* ) fztfmtlfrl&& (Ao — A Ao -A 

Ag ) t— srs£?K:R5t£*vci>*. 

[0 12 1] fit, 3t»«*«S8tCJ:Oltl»CO*»«k 
fif Ao *A Aoc^tfi»fiffl«C'>7 h^-fr-SCltlCcfc 
0, 0 1 4©TSk:^"rJ:'5fc, 4o<05 L -v*;KBfs*t 
JLj&>W"±, e3|pTffi««A Aspo-ovd rttcEBU 
Tl^o ft*3. El 1 4+Kte0jKL>3:^rt*, ^ag^U- 
■tf («#3t<o>t«E) ©Biitt**«fW»«flEK:J:**« 

J&UT, «»^v*;U©«^fc£EBT*#«A A.du 

[0 12 2] £]fc, 13 1 4*{Cttia^Lfet^ ±i£<Z) 

*«StfSO£«H±t5 Adc€:#«U ff^^^A A 

A Adc= (2 * A Ao 
= (2 X9.5 - 

[0127] &*5 % EI 1 4 tC^-T^Tti, iE<B$HStt£ 

^-^7 7^/^ (»««Doc=18ps/(nra- km) ] &m 
HfctT* <fc. &Bfc7 r< AfiLoc te&CDJ; p 

Ldc= (AAdc • dD/ d A • Lrtcd ) /Doc 
= (15.5X0.08X280)/i8=19.3km 
±SEUfcHl 3*3cfctJC0 1 4(Z)«Ttt. tti^tl, m# 

fi«*ffl(CEBLfc»^lCO<r>T, ff^^tAAo 

§l^^^-To CCD^2 2 4», ttfiMNSAAs = 2 ran, # 
-KA>KAAg = 3 nm(04g££^iK-C^-tc ttfiMNS 
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[0 12 3] SI 4lC5RLfc(g^3fcEBWCO 

s&sf^b^^AAo &&jz\znm-rzz.£&X'$* r 
^{i^LTti^i 3\z&omwLtzb<D£mm£'tz><> 

[0124] 014 WTgtC^-rd: -5 \Z. ^PfrftURfitf 
6:?€?©TIBj&>6fiiftfifl!KA AsPD-cvo 
HSfitf & ^ t OTHd^ & fi»fi«^ A Aspd-cvd (Dm 
H£**fifco ff#5t*«AAtDy fiT 

fMMf^^^AAo «r«*K:BfST*c: 

AAo(«ax)= (2 • AAspo-cvo — AAwdu ) /2 
= (2X12.5-6) / 2 =9.5nm 
20 <hft9, £tf><ht*, »**H»«©^*ta)*»«»«A 
o ' ff^^AAtDu (0*i£.WCfflre-rS. 
[0125] @ 1 4 <D±&\Z7jk-$~£ 5 

#«jrsao A^fiissniicAAo +a Ag /fttiatnT 

Ao =Ai + AAo + A Ag =1572. 5nm<h& 0 . Ao ± 
A Ao = 1572.5±9.5nm 

[0 12 6] dCD<h^, MMSly7hiAA 
octe, Ao -Ao ' T'&D. UT<n<£?lZ#£>*>ttZ> 0 
- A Aspo-gvd ) +A Ag +A A»ou 
12.5) +3 +6=15.5nm 

A As =3nm(Dm&%£M°V7R'?&> Z.CD<t^. mi 3 

Lfz<, 

[0128] ccoj:^tc, S7Hifiwco3tififi*aeai 

«*¥«IfflUfc3tlt«#+«tWDM^tC*3^T, FWM 

©«w*5»rjc*^-f*jKD«*3e&EB-r*ct3ftt 

SAo *cH"r-5BfK1*tt*W«JC-r5C:i:3&«-ee, 5t« 
•fi^^^WD M^^(c*3tt-5 ft ^ft<D9- * *;i>EBffi43 

[0 12 9] **tt«fc:«tntf, *»tl*fttf& 

fi (Ao — A Ao — A Ag ) ^Ofc&i&fifflgtC&^-r* 
JKOfi^Jt&EB'rsC^fC.tO, 5t^7-</N'2(DS^ 

50 *><D&m&mfflzti. Bvieigaa^fsjsTs 
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[0 13 0] mrz. sfcSfeSfcwiCcfcnwr, spm-gvd 

[0131] £:*5, ±*UfcS7HJfi«-C«, 4^C0^ 

(H) m8HlG09^K^ 

tC^TIfc^T^i:, 02 3te^tD^^*JUOff^ 

[0 13 2] &9&UfcS7^1SW-Cte, &3-\*)V<D\% 

EBLfc«*ictn>TKiHL&d*, »8 jft660rai. » 
fcfiafcefflifcEiBLTfcD, ft*;n©iSfiAi £E 

DFA©*J»fflf«©Hjftfiai550nm{CKffiL^±T, % 

0, ?^*;UEB£DS F «77<A'2) (OBfSWtt 

[0133] fiP^, i23 \Z5ttko\Z, *77<A2 

fitfeo*±AAo ££#«U 3t^7</^2lC^^T 
©*»«iSfitf6 0$KHOfijatfia (Ao + AAo)£ 

2tC^^T©«»«ifififf6^#«SHa)Sjfifia (Ao 
+ A Ao)cfc0 fcfiiftfiflMCte, FWMfflJJEffl^/- KA*> 
KAAg *Ktt, (Ao + AAo + A Ag ) J: 0 fe 

l-4T'fiSAi -A< ) £EBLT<^*. **Jfi«T? 
tt, ^**,lH<OiftftAi tt, DSF (jt^7-fA2) 
0>##«ififiAo ^^MMl: (AAo + AAe ) fz 
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tt«*ljfcfl«fc:R56£*lT^* (jftfi (Ao + AAo 4- 

a Ac ) ^tWKOKfiAi a-r*<fc-5»c»^ 

[0 13 4] *HJBW-C«, *77-fA2*T© 

S P M - G VD3»*lCct 0 n<6 If *#««D 

.no. (CJ: D«]£$*aSe2|pI|g«r«A Aspo-cvo ^ 
13. 4:3©^**JU<Bffi^*a«Efi£ttT<f>£. ^£ 
0. 0 2 3tC^f «fc"3K* e2|pIffi^:m*3t«filSffl 

70 (Ao -AAo)^6fiftfift^ AAspd-gvd 

= |Daiio. 1/ (dD/dA) C 

©<h£r, 4te<h ; t>^pT^-e^^mfeS^e>^^ A 

Ao £T£5fc*tt*£<ff§T5fc#lC, S^A 
spd-gvd (= (Ao — A Ao) 4- A Aspo-cvd ] ch^-f^ 

[0 13 5] af^JSWTW:, 3fc:7 7-f A2KS5 

i^n^ED FAOfiJ»#«A Aedfa (0JAWT0 1 6 \Z 
T^t «fc5fc1550^1560nm<Z>(fiBI) 1*1 4^CD^^^JU 
'©SWBBSns. fcis, 0 2 3+KteH^Lfcn 

fi) ©«iitt^»fi(WWS*Jc«fc^«-(i^5t053tKfiX 
[0 13 6] tC5"C, 0 2 3-m3t#»*i«»£ffl^ 

^ t£ * ft ^ytmw & ftte o \z ^ xwl m 
rz> 0 -d^d, *3e^roa8*jfiwo3t«fi^aeai*- 

[0 1 3 7] ip-e, m~r* 0 2 4CD±a(C^-r^^(C, 
3t7r< A2 *"COS PM-GVDSS*lCct o»s$n 

^^iiiDano. K«fcos£$n*eigBite»«A 

Aspo-gvd 4^<Z>5 L **;U<0fiJ§'3fc£EBLTj&> 

5, 02 4(DTm\zxk-?£o\z. ytftWfltm&&m^x 

$tV T-i A*2 (D*»«iftfiAo ^Ao ' fCS^^hS-fr* 

jUpJ^^A Aspo-gvo rtJCEBLT^*, 
40 [0 13 8] ^C7)<h^, 4OC05 L ^*JU0)«#*tt, it 
»«a«»(CctS->7hffifCti, 02 3JCTK?BU&E 
©^liil^^tC, (Ao +AAo + A Ag ) «tOt)fi 

«fi«t*MIHAAs "CEIB^tl-SditfeJC. ED F A 
<OfiJf#»«A AEOFA^lcEB^tlTC^. 5^^* 

jnoitftAi u, fMKIAo (a 

Ao + A Ag ) /fltHltlfciSfi (Ao 4-AAo +A 

Ag ) £-aTS«fc5lCK5££*lT^S. 
[0 13 9] fit, 3t»«*«S«CJ:0SfelR©«»« 
feSAo ^AAdc (=Ao ' - Ao) fc'frtfilftfifflKC -> 
50 7 h£itZ>Z£\Z±9, 02 4C0T^tC^-TcfcatC, 4 




33 

spd-cvo rtfC^SLT^'So ^ 2 4(C:fc^Tt>, 

b^^TPB^bSSt&fE^A Aspd-gvo ©«SH<h*» 
»i£fitf£:3£®THJ&>S&ffift«'^A Aspo-gvd CD® 
HttfBfco &««<!:, ffi^3K«f«A Aioy<fc£— 

[0 14 0] Sfc. H2 4*tCteH?KLfcHj&i* 
U— tf (fl^3fceD3tiB) <0«ittt^ififiSJ»«*{CJ:^ 

fg^*»«AAiDy fi«fiffl43J:t/jg»fi<fflc7)P5ffl(|. 
t^^T-?-<7)»**«»tf &o#IEffld ADcfc'ttiKHl, 

[0141] ±mi,rzm2 3&£zfm2 4 ©era*, * 

lC»TS«#««fiAo t»«i«itfi>'7MAAoc 

Lfcl^2 2(C*5frt-5»«<i:lRl«COt>©dtjBffl$nT* 
0, 0 2 5T11 *5HRSfiAo J:0t>fi»fifll^fi^ 

gAo lC^T0>«ga«, IS 2 2 tC^LfcfeCOttii^fC 

[0 14 2] COiz^tC, » 8 *lfi«<05t»fi^ae3l 

&*3. ±ieL&»8|gJ6M-C 

^;uc7)(f#7t^, *»**fiAo iOfeSftfiffl, Sfe 
[0143] (i ) mgntSM^K^ 

^TSflTSi:, H2 6fi-^«oyDy^H"C*0* C(D 
H2 6tC*3tiT. 2 Uimmff^^T'cfl^lC^LTit 

«-r*a««, 2 2W3teastt (X77</t2) 
a£*i£*i&bt, u©tas2 2tLm mmx.it 
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[0 14 4] 2 3»iSm Lfc3fcS*£«»f&**K: 

*«T**««-e, ±aLft2B«2 1 tSM8 2 3 <h 
ffitfccD*3&§£2 2^^LT7t^7^/N + 2(CcfcO^ 
«CtT', 3fc£iii*2 OjWftjSS*!, ^<D3te3l*2 
<MC*H>T, iHft^2 1 ■& CDSWfc**. 4«m§ff2 2 4o 
«tlX3t77< A2 $^LTSffl«2 S'vEiSStlS.fcS 

[0 145] fit, 2 4 A, 2 4Bt«-n-e*lIEG># 
70 f&ft+B, J|O^S-B£WT*2M^CD^#f&f§® 
BazyhtSO, Cti^<D2aa©3t»«*«»3.- 
yh24A, 2 4BtJ, f MI^n«(), 
cfcSK, *eiS*2 0 (^77-fA2, jS««2 1. * 
1B2 2, 5fi«2 3©^fn^©8») lC*fA£n& 

[0 14 6] <hC5-C, 3fcgii!*2 0*«, HI StCiO 

n-^ ^e^T-f A2a)*»«»fiii:m 

safest fc«LT^* A*, *-<0#<0$H»*flt h#k:sb 

7, m8*Jfi«fC:*5frt-5ia 1 4, 02 4©W#i) 
K<hfc*. £©J;5fc5HiMii*Ji, -^i, SMFfc 

[0 14 7] 4#tC, ^±<£>7t3iif ->X^ACDil-£, + « 

F (3t7r>f/12) <D»»««S#iEJCfll*3e»fiS:« 

[0 14 8] C©«9S616«-Ctt, «eiS*2 

MM^-7h2 4A ) 2 4 B ^tl^T^iM 
40 *-5*©3t»«lt«Bi-y h 24Afet<ti24B$ 

awuT>te3i*2 ok»a • ifiTi^o crnic* 
[oi4 9] ztz* ?t&m&2 o©#««*wre** 

^Mli^B^-- 7h24A^l<fi24B Jl 
tT, ctDfSH^5t626*2 0O»««&li«-rsci: 

50 ititf, «^©ga»k:jsi;fc3tt»iiMi«»*R«- • s 
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frr-5C£ft<, SPM-GVDMia^tt^ 

[0 15 0] S9H»W©ft#:W«:»ffl[WtC^ 
^TKET*. {Ki2tj§&£ 1 OGbps, -f>7-f>+l8» 
HtMLm-i me €: 7 0 km, #3tiMBS^6a)3ttti*G)« 
Uj£± 2dBt<E5Tr£t, H19«tD, HFe«-*liD 
».io. =± 1 ps/(nm- km) -C«*H*+«SMIHH 2 8 
Okmt&D, 2 8 0kmEMOfi^3C©»«itLTtt 
±2 8 ODs/nm ©»«*«3&^BT?*S, tCT, MA 
tf, eSI»»«»** + 1200ps/nra <Z>»&, »«« + 1000 
ps/nm t-lOOOps/nm <t<03t»*lf flStS^.— y h24 
A, 2 4B*ffl*bfc»'&» »*»-1000ps/nm 

«««»3.= yh2 4B*ea»s*K:»A"rntf, 

lR«a« + 200ps/nint£'K &j£*IfflZte&a 

[0151] (j) mi ommmnmw 

CD® 2 7PHC*5t>T\ KJEcofiF#i:lRj— WfftliB- SB 

*wr^2aao3e»«*«»ii.-y KWit^n 

»«I©ftfe5«Rl«0*»*«l»»i=y h 2 5 

A, 2 5BWM5tlTl^ 0 

[0 15 2] ^:tU MIB 1, B 2CD2^^CD^e 
#**§«S&3.— y h 2 5 A, 2 5 BA^fl-^naRfflffl 
jR$n, utie»0MIi^-7h2 5A, 2 5B 

3te3l*2 0 (3(77^^2, atS«2 1. *f®§g 

2 2, s(s«2 3©ii-rn*^o»») tc#Asn*<fc5 

[0 15 3] tlT, **JBW"Ctt, ytmSzsX7 L J*9L 
KS»K45V^T, 2a3H<03t»«««S^.— y h 2 5 

a, 2 5B£, risk. a^t£**fcj&*&-en-Fft3te 
£i£^2 otcff au 2KD3teai*2 o^eaiiftt, # 

£t£gR. ffl^i3r©3t»«fc««»^y h 2 5 (^2 7 
*Ttt3fi<03t»**«S^.-!y K2 5 At 1 f®<7>## 
«l«8Si-y 1^ 2 5 B t$a*&^& t>0)) 2 
■»<D3tiHIHM»a--^2 5A ( 2 5B<0^6i 
« • &3£LT7tfij£^ 2 0 tc*¥A • BBl/t^S. 
[0154] cntcio, 
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7 h25^ 2«*Mfc#«*i*»3.;:* K2 5 A, 2 
5 BO!>*35^a« • 2 0 IC» A • 

[0 15 5] £ 1 OHffiW0)##«*l«:S' 

if- • H^T§^<i:^<> S PM-GVDMi:J;^« 

3tam->x^^«»*T0)xR»j«*<fctmiB«ai 

[0 15 6] ^f, mi 0|tlfiW«)*<*W&RfflWtc: 
tJt^Tia^-r*. »9HHfi«<Oiftffl[W«!:H«(C, 28 0 
kmgjSa(Om^3tO»«« ( i:LTtt±2 8 0 ps/nm 
«««j&*&ET&S*&K:, WIAtf, 5HSSA1. A 
2, Bl, B 2 ^LT^-n-^n + aOOps/nm, + 100ps/n 
m, -300ps/nm, - 100ps/nm>i-55t»«*lfll»^-— v V 

*i, B 1 X 3{®+B 2 X 1 ffl£»#^b"t*:Tei2i&*t;: 
ffA-Tflfcr, «#«*J&*+200ps/nmt£:9, f5S|pI«gtC 

[0157] (K)sn mmmoimn 

£tf[S3 0tt^n-fW©« l«^W*itfS2«iW 

ionium i &<Dm^ft<v^zfc&Tz>m^\z-z} 

[0158] i28 \Zxk-t£ o ic, *hkw;:*3^t 

t>, 3ees* 2 o j&t, iss«B2i ( *«»2 2, 

ccomi isi««t?ii, at««2 la, ^^v^ju^m 
sut^s^tc&g («»») u 

40 m^^s^ff^fc^^-r^am/^^^ep ce/oi-e/ 

04) 2 1 at, «^^^U«<Z)«»/3e9S8US2 1 
[0 15 9] ^fc, Sff«2 3tt, ilff^2 l^E»7t^ 

7<A2, ^j»83 2 2 s^uTeai^nT^fc^aft^ 
nfc«#3e&»ni-r * ttfe \z^mmt^m%m^\z^ 

• »IB"r-53tiM8ffl52 3 at, 

50 5t*«aft^tc«»-rs>e/«aaiftw w/ei-o/e4) 
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2 3b tS-E-feATM^nTIr^. 
[0 16 0] fit, *HJ6«-Ctt, iHft^2 1CD&^ 
2 1 a£ft&m<k&2 1 bt^PpllC, 

«S«Bi-7 h 2 5 a*Rtts*vc ^£0, igs 

ySfcRgR, «-&1tOie5MBHifljlB3.-y h 2 5 A, 2 

sBj&tRBSjvc^s. mz.\i. 02 8 -en, kiai 

<0^**;MCfi#«*B 1 W3e»«*§M8^z:y h 2 5 

B 10)3tt»*»«SB3.-u/ h2 5Ai»«iB20*» 70 

O^t^HC^MB 1 cD3e»«««»3.z:y H 2 5 
Atf 1 ^l^MiB 2 <DJt»*»«»aL - v V 2 5 B 
a*2^Rtf£tl, iSfiA* <o^-^*;ujctt»*«B 1(7) 
3t»«««383. - y h 2 5 A# 1 -DRnftl&mB 2 (Oft 

[0 16 1] CCO iff* *^*4WMClEB£*l«>)fc#« 
««8^-7h2 5A 1 2 5B©Ke». 

[0162] 0 2 8 TH. Sift « 2 1 |*3(C«5HRJi«B 
3.- y h 2 5 £Rl±fc»^fc^>TRlBLfca«, CCDTfc 
M«i^7h2 5H 02 9. 0 3OtC^n^n 
^Tct^tC, *«B2 2*§««2 3KRttTfc«fcl>. 
02 9tC^f ct^tC, *«S2 2(Ot»»««S^--y 
h 2 5 £Rt**»£\ *^g§2 2!Cti, £tf>*i&B2 2 50 
**«t§J£««B2 2 a(75«a(C, «<Sfg 
*«fiAi -A4 Stc-«"rt3»fi5M8-rS5t« fc Hlffl2 
2b<h, C<D3tt»««2 2 bfc«fcD A 

1 -A4 <0«^fcQ^ + *JI/«K:i8M§fcRBR. m^i± 
^»»««SaZ7h2 5A, 2 5B£RBLTfc£ 
Jtt»«*l«»a.= y h 2 5 3t»«*l«BJ.= !y h 2 

g^M{fc:bTfeiigs^jiai-r^7t^m{t:^2 2 c 

BS*VCfr»*. J^*3. M»bJfc3fc#«ffl2 2 b, *»« 
tWSi-y h 2 5*5«fct«fc*B{fc«2 2 c 14. 
B2 2 a03flag:lCRfr*TfcJ:C*. 

[0 16 3] 0 3 0 \Z^-TXo\Z. §««2 3K1 

3fc5HK««B J-X 7h25 £Rtt5»&\ Sftffi 2 3 00 
Jt»«a5 2 3 ai»3e/«»SE««2 3 b £<Dffi\Z. % 

fi»B»0*afiAi —A4COfi^3t©^^*;USt^ 
BMS&RBR. a^-frroitiMIMittSi^y h 2 5 A, 

2 5 BdtRB<**VCH£. 

[0 16 4] 5 le\ SI 1 
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-7 h 2 5A, 2 5 B^ISg-r^Cl^lC^O. ±&L£ 

fc3t»«««B3.-^ h35t2aar**«>»'&tz-3^TH 

[0 16 5] (L) mi 2^ffi^C0|^^ 

*5BW©»1 2jail«tLT©*»fMi«3fSCK: 
tn*TK9JT*><!:, H3 1ttt©^Dy^B, 03 2& 

£tf 0 3 3 tifnfn^oi i x^wfc ss 2 mmm 

[0 16 6] mfj££L^mi l*SfiW-C«, 

sj&rbr. a-&-a-©5t»ft*«s^.-y k 2 5 a, 2 

SB^RB-rSSS'C^liTH^LfcA^ £G>*12j| 
3te2l*2 *gR& (**JSWTtt2 

BR, «^il:«)3e»**«Ba-y h 2 5 A, 2 5B£ 

[o i 6 7] ip-fe, 03 i -03 3 te, -en-en, 

*«fll»a.-u/ h2 5£ig««2 1, «2 2, §fl 
^2 3 KRttfcM&^LTfeO, 03 UC^-ri-SfC, 
ifft 2 1 l^^iii^i- 7h25 £Rtt*»&\ 

msELfc3im«2 1 tc*5tt53t#«ftffl2 1 bts, mm 

/3tX«ffi2 1 a £<Bifcfi A i £Az <h(0{f^7££^ 
«{fc-r*3t**ffc«2 1 c <fc, «»/3t«»»2 1 a*> 

e>cossA3 i:A4 i:^ff^-7 , e^^mft-r'67t^m{k^ 

2 1dt, Ztlt><Dftgrmikffi2 1 c, 21diC^*9^ 

m{L $ n 2 <d m mtt & s 6 &c &m<t? % yt^mt s& 
2 i e ttc^frt^nrt^. 

[0 16 8] ^Lt, ^1M2U, 2 1d(h, 3t 
&mt&2 1 et©RlC, 3t»*»«»3.-y K2 S& 
RfrtetlTt^S. 2^com-^7t^b/5:^5 : -^^ 

OL- h25A, 2 5 Bj&iRfi$ftT<^*. «^.lf • 0 

3iTti, iS^Ai tA2 ta)^-^*;u^;!/— ytcti^ 
MB lomMB^y 5A*«l^»tRtt 
e»ti, S6A3 <hA4 (irOft^J^-yicfiMl 
B 1 ©3t»«Hf «B^-y h 2 5At»*lB 2 <7)3fe» 
«S«tSa-7 h2 5B<h^l-r^Rtt6tlT^^c 

[0 16 9] cc^t^, ^^^^>iu^;u-^tcge^$n 

*3t»»««B^-!y N2 5 A f 2 5B^1^ ^ 
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[0 17 0] l£fz, m3 2\zm?<£v\Z. <pffi3S2 2 \Z 
*»»M«Ba- 7h25 *Rtt<&»^. 4>ttS 2 2 IC 

ic, «««©ft^3t£2^<o^^ (SSA 

1 , Az 0>0MI/— T/tjfcfiAs. A4 <0>f)\,—7) \z$t 
fi»BT*3fc*M*SB2 2d<t. £<WKfl«ffi2 2 d (c«t 

^-fr<0*#«*«»^-* h 2 5A, 2 5B£RBLT 
tt*3e»«*«»JL-y K2 St. 3C»«»«B3.= ! y 

2 2eWEi$ntM. fc*3, M*Lfc3fc#«ffi2 
2d, >t»«*l«»3.z:ty h 2 5*«fct«fc*»K«2 2 

[0 17 1] d3 3 \Z^^o\Z. §ffi2 3 

K##«*i«8i=!y h25 £Rtt£i§<£, MSfiLfcg 
S«S2 3tC*5frtS3t»IBffi2 3 aH MAi . A* <D 

£\Z»m? S3C»«ffi2 3 c MAi f A 2 <7)^r 

bic&ifc^Ai , a 2 ©«*f3tei;:#Si 

«^ra23dt, »*A3 , A4 (E>^i**;U2MU 
-V££*>tC&A 3 , A< <D«#3tK#irr*3fc*HMB 

2 3 e <fcic#**e>*vr^<s. 

[0 17 2] fit, #5MMB2 3ct, *#Bfffi2 3 
d, 2 3etOHi:, 3t»«««S^--u/ h 2 5a*Rfr* 

7h25A, 2 5B^S^nt^-So Z<D£o\Z. WZ 

1 2Hjfi0ii©3t»«««*a{Zcfcntf, 3te3i* 2 0 3&t 

&RRR. fi-&-Br©3t»«li«»3.= y h 2 5 A, 2 5 
B£RBf ^dchfC^O, ±)iEL/:i9, SlO^Wj 

[0 17 3] £43, ±SELfcS6JfiWCti, *fiftT5fS 
#3fc<05^*JUR#4T, £5^*;U*O#*M«0>fc 

•D, 2 ^<DT^*)\,#)[,--rf\ZftrtZ>m%\Zr)^XWiW 

(M) mi 3HJ6WOR9I 

[0 17 4] m»LfcJBl 1, JSl 2^TO1 
fiS, «^r*JI^;U--:/«K:»MSfc:RfiR, m-s-eo 
*»«««Sa-yh2 5A, 2 5BS81t5»&i: 
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as^Risft. 

Rgazyh2 5A, 2 5B€:filLT^ 

[0 17 5] BP ft, §34-1^3 6 fcL ^fl^tU 3fc# 
«««BJL-5/ 1-2 5*iim«2 1, +if&§§2 2, 
«2 3fCRttfc«^LT*50, H3 4[C^T£?(I, 

inm«2 1 \zft?ri&ffim%zZL-y h 2 ssstfs*^ 

i*{fflB2 nc**tt53fc£JMs»2 1 b©«aJC. H^fc 
BBS.. ffl-&-&<83e#*»«B^3> ^ 2 5 A, 2 5 B 

10 WAtf, B3 4TI1 »«»B l©5e»**«B 

o.-^ h2 5 Ai^MB 2©3t»«««B^.-y h 2 
5 B<h^l-r^R^etaT^^c 
[0 17 6] -fiLTERS 
§§zl- y h 2 5 A, 2 5B(DfSi|[ f a^t^M^ 
RfCtt, 319. £5 1 OHJfi^tCcfcD^^L^^^tC, & 
J- A* * ;U CD £iS«Fttd< A» £ & £ & 0) £ h -7 < T > H X 

20 [0 17 7] (13 5 XZttC? ±o\Z. *i«B2 2 tC 

ft»«*m»iZ7 h 2 5 £Rtt£if£\ ^^g§2 2tC 
«, C©*«IB2 2&**-rS3tli«B2 2 a03«a 
(C, il^&R^R, «^ii:05e»«*«B^-y h 2 5 
A, 2 5 BS:RBUT^:S3t»«««B3.-y N2 5** 
lEB^nr^S. fc*3, 3t»«»«S^--y h2 5tt3t 
ti^2 2 a^MSfCR^TfeJ:^. 

[0178] S 5 (C, 036 IC^-T £ o \Z. §fl « 2 3 
fC3t»«««Bo.-y h 2 5 SR^S*^, ^ff^2 3 
{C*5ttS5t»«iaB2 3 aCOMStC- il^^RgR, 

i0 WMiI^7h2 5A, 2 5B£RBLTfc 
S5t»fit««B^.— 5/ h 2 Sd^RfrtenT^S, ^(7)ct 

3t*c3#U-»LTasa:RRR. a-&*«)5e»**lflllB 

zZ7h2 5A, 2 5 B^RB-T^CiitCiO, 

^9, »i osgjfiMtraaofpfflas^&tis. 

[0 17 9] ^:*5, ±5ELfcSlifiWTtt, >a{frsfs 

40 a&fc^fflacbfc3t»«*«B3.-y h^2i^6 

©-Clift^, ±KELfcmi 0-IBl 33kmW\z& 

dD/d Att#«UT#3t»1IMi«B3.= y hCO^St 
tt^RWU, 3t»«««B^-!y h©«a€rT**^t 

[0 18 0] (N) mi 4Hffi^co^^ 

■3^TB*t-5t, H3 7tt^wyD-y^ig, i38 

50 (a) , (b) ttv^-rnfe-tosix^w^-r^Dy 
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CO 1 8 1] ±aifcS9-8l 3*iSW-Cte, 3t»« 
Ma- 7 h2 5, 2 5 A, 2 5 B^fiEB^aiC^T 

3-~y h 2 5, 2 5A, 2 5 B S«s:(DR#:Wtt«tfiEWi5 

Miiaz7h2 5A, 2 5Bcoffir8<bL<ttt8& 
IC. *3e»»«*Bi=y^2 5A, 2 5BtC££>7t*i 
&£*tGtl>5£7tif<!g§§2 6 £tt»]LT^S. 
[0 18 2] i^^T, 3t»««tB«!:LTH 

iMl^nciT, SHftffi-100ps/(nm • km) J£U:<Z) 

[0 18 3] ^C"C, 4HJS^I<D^-3tC, 
tli^Z7h2 5A, 2 5 B£EDF A^£>3£it*i 
§§2 6 t-#ftT5Cti:J:0, »tS[«*7 7-rA©5t 

MiJi-7h2 5A 1 2 5 B8K13titi|H8ff2 6 $ftJD 
X^ltifi. 138 (a) , (b) \Z^T£o\Z. 3t»*« 
SB3.-7H2 5A, 2 SBtO^U-:/ Ofc#flM§«8 

h 2 5 ) \zn^T—-D<Dytm<mm2 6 swjn-r 

[0 18 4] £>t, El 3 9 CitJ;^^ 3fc#flMfi«S 
a-7h2 5A, 2 5B^-y (MiS^- 

7h25 ) <Dmk&&zf'&wc<n j tti?n\zytm^%s2 

6 A, 2 6 BfcttinLTfc.fcl*. 1 f^CD^-? 

eiHBa5fe^3t»*««S^.-!y H2 STcd^ 

Tfc<, ^3C»«»«»^--^ h 2 5€r3t 

2 6 <0i«^lclEBUfc»&ra:N F < 99it2 

i±z>mm£tez>o ctite, Friz. ytm<m&*mzsXTi± 
iz&tfz i R*m&\zytfrm&m&3-~y h 2 s*»a 

[0185] ^-T-, m3 9\zkT£o\z. ytftmmm 

mzL-y h2 5<0flJ«S:2O©3t*t«S2 6 A, 26B 

v&ts±-z>f3:ffimzTz>zh\z±K)* wi%i<Dytmm&<D 

NF£/h£<T£;:£T, 1 R*«89^(*ONF*/h$ 
<Wx.Z>Z£&-C£* 2&CO>tii»H§£2 6 A, 2 

6 B"C+»&«f#€:«S«-rsC:«!:^-C€r5. — «± 
BflLfcJ:^J5:*»«*l«Sa-7 h 2 5©, jiff «S 2 
1 , 22^)l< ttSm n 2 3 rt'M&Jf A • KB 

1, *i&g2 2 t>L<te£{f«2 3F^IC. ^«Mt#«Mi 
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Rg^-ny h2 5$#A-r5^^-^€:ffittT43^, v 
X^ARSgMC. -t©e2IK (3teii*2 0) tCJfci;*: 
h 2 5tajPLTa*attCl 
<h IC «t 0 , ^#&*f {8§§:*^ 7h25 eXCSX 2 0 (C 

[oi8 6] mrz, 3eeaiSBrta>« : F-aa*3«ttfjeffl 
> hmfoMzm&zftfcmmnbcDZrtvtr-isti 

#tStt*S*J5fttCLT ! l>J:t^ WAtf. 039 iC^Lfcft 
y h2 5£Ay^-v{fcL&fc©€:ia4 
OlC^-To CtD^4 0 (Cfc^T, 2 7li^ r U>hS« 

dc7)yj>hg«2 7±tC, M2 0©^M2 
6 A, 26Bt, 2a3H3ffl©3t»«M«8g^-y h 2 
5 A, 2 5 B^e>fc*##**tt»:i-:y h2 5tA« 
g^tl^tiaO, Mii^7^-x2 8«^ 
*TC<r>*. fc*5, §«»«i«Bi-yh2 5A, 2 5 

Mii77<A* 0fc77-f A2) *Bf36SS#*«» 

[0 18 7] C©i;^^Wi;t7^-y2 8^^ 
A'7^-yffiT3tMiiBi-7 h 2 5 

(o) mi sh^^icoi^bj 

O^TK^-T-Si:, 0 4 1tt-t©^Dy^0, 04 243 
50 J;C/i4 Stt-tn-en^tOSS iafflW*SJ:^»2igffl0i| 

[0 18 8] £tf)fgl SSHfiWTtt, 7t^jH^2 0£*8 
f£-f 3j£{Ifli2 1, *i»3§2 2, S««2 3(7)^n^n 
tC, 141 \Z^?±of£%:frmffimmzL-y M2$:rt 
«LTl^. £<Btt$HR*«B^-y h3 2tt, 04 1 

mmm-et*4#m. tti^tiftmm&B i-B4) 

»M«Bi-7h2 5A-25D£, ^-f u/^- 
40 ¥S) 2 9A-2 9C^LT*»»««B^7 h2 
5 A- 2 5D^WM • XMpJffifcttffiTffiBfcL 

[0 18 9] fLT, B4 1 JcS"r3e»**«»^--!y 
h3 2TH 4aa©3C»«I«Bi=!y h 2 5 A- 2 
5Da*3SHE-&A&n. My^2 9A-2 9C©9» 
i^^lCJ:0, aa^a-&'&0 3^03tt»«lf«S^.-!y 
h25A-2 5DSa«UT3teiJI*2 0 »Cff A • ^© 
W-5«t5i:^Tt^. fe*3* Z<yf2 9A-2 9 
Ctim M^«i«B^-7h2 5A-2 5D^ 

50 «7 7<A-ciBs-r-6*a mfa&)fc&wt («««x-r 
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At* -6. 7tX< yftim *»«B^-f y^SBH 
[0 19 0] ^lt, M7^29A-29 CCD$]&fg 

Stt«-&-&O3O<03e4HM«Bi-!y N25A-25 

[0 19 1] M»e^cJ:0a»ttlC«*»fP*fTa:5 

*2l**SC(0«5d^ IS 4 2 iC^-Tjlfflf^Tfi, yXfA 

2 1, +8IB2 2, g(i«2 3JC*3frte*»*a«Bi 
- y 2(0«>f^2 9 A- 2 9 CsffiMHKI 

[0 19 2] £7t, 13 4 3 iC^-rMffl^-Cfi, Sl«2 

3M\z, &mmm 2 1, ^2 2 

Sa-y h 3 2©§^yf2 9 A-2 9 C^Wlftffl© 
*MWfi^€rtB*-rs«ffii:* ^fci£^2 0 tc£>tt£^i£ 
(ISO*, £SJffiT*ej£«Ftt»Jffi^K3 
lim^bntl^, -tUT, ^7-f7f-2 9A- 
2 9C^fli2 3fflW^Oftl»m^lrJ:0«ffl>r3t 
»*M«Bn.= y h32 {C*3ttS*»«M«Ba - y h 
2 5A-2 5D©fi^1*£:JB#lCtt0lftA£:a*£, feS 

»tta«£¥a3 i k:«to3tea*2 ooeaiffttsws 

H2 5 A-2 5DM^U 
«2 3ffll^6<O*IWfl#{CJ:0X>r ^2 9 A- 2 9C 
*»ffU 3e»«««Bi-y h 2 5 A- 2 5 D©a$ 

»s$n>s:3tejii*2 otoesnttt^aat&s 

[0 19 3] Z(D&z>\Z, SI 5|6SSW03t»**t«*- 

stJCctntf, 3teai*2 o{z*3ttsisi««2 1, *&b 

2 2, §{f«2 3lC, «Riao*iHmmBaz7 h 

25A-25D£, X-f 7^2 9 A-2 9 C^Lt* 
&mam&3--y h25A-2 5D^WM' S£ 

X^7f2 9A-2 9C£«fPt5utT, 5t»««« 

ga-y h25A-2 sDo^^ejasaa-a-n:©^ 

»i«Ba-y h2 5A-2 SDdflRSnS. 

H4 3K:«rJ: , 5K:«*-r-&Ci:T, >£»«»«BJL= 

7h25A-2 5 D 2 0 (OgiSW 

[0194] ±aufc*««-cn, steal* 2 o 

**JST*at««2 1. W2 2 r §ff«2 3CD^n 



(23) tW7 - 1 0 7 0 6 9 

-WlK. 3e»«««B3.-!y M2 SrtKLfctt^KlO 
fr>T«9iL&*i. 3t»BiHffla-yh3 2H xS«« 
2 1, (p«B2 2, gff«2 3(D?^GD4>£< — O 

[0 19 5] 

70 (1) FWMG>*»$»EET#* ft 
[0 19 6] (2) ft7 >7<Z>&t&ft* &Z>^\1%;&& 

(3) atfifflSTro^ + ^PfllWOftgad^r^U -^n 

[0 19 7] *5B^<03tiftS*fiej2l*SC (If* 

(4) )t7 7<A'(7)fMSSAo ffl2Z<0«««:f«JJBl> 

[0198] ( 5 ) 7 A©ft^ffl©*#tt*fi 

(6) SPM-GVDSS*JCctSK}^*ft*#«Lfcm 
^5fcEE£fT&*.S&3&^ EDFA^IflMA Aeofa 

40 

[0 19 9] (7) #^^*JKOfi^3t053tififi«»» 

Si co raufifl tc o ^ T »«««»f e> o # «g HtffrtSfcB b 
TIBrr*Cfcfc:J:0, %»ft«e«B^)»tt»fit»f & 

[0 2 0 0] ££(C, *«<B<B3t#»««*5t 
50 18-32) tcfctltf, £XT\zmTJioU&}%:fc^lsm 




(24) 

45 

(8) H^r©fiaBlciSi:fc«»»««BftRn--HfP 

f^Ct^<> SPM-GVDMl:J:l)W*fk^ 

[HS<Z>NWA:RiH] 

ran *5BM©ai*as«<!:LT«)*ififi^aejii* 

[0 4] *K^»lHK«O»fp$R^-r-50-C* 
[0 5] *56^©»2|feJ6«i:LT©3tiftfi**e3l* 
[0 6] **WO»3|8jSfi«i:LTa)5tififi*ae2l* 

[08] *»^<0»4H«W<!:UT©3tiftfi*aejil* 
[0 9] *56WO»5|6jSfi««!:UT©3t«fi*Sei2l* 

[mi o] **w©s6 jiifiw<fcUT(D5t»fi*aejii 
z>. 

[Ill 1] *9g^O)*6||Jfi0il<O»fP$R^-r-50t?» 50 
[(HI 2] **«©S6S61fiW©»f^$R^-r-50"C* 

[mi 4] ^as^wffiT^jfiwturo^sfi^aesi 
^sc»c*3ttsffl»^Y*ju©e**EBo«^0ii&*-r 

[mi 5] *K^OS7HJfi0i|i:LTO3tififi*ag3l 40 

[mi 6] EDF A(7)filf#^^^RB^-T^< EDFA4 
RSSttatBASE*^ (EDFAOfiJ»»*) & 

[mi 7] F WMflEffl^f- KA> Wt*^E 

[mi 8] ^^^HW^ftttt^n^h-^troHflfe 

[mi 9] 3t77-f AA*^»7-<!:S±*«Brai»<t© 50 




10 7 0 6 9 

[02 0] FWM**a*©«#Jt»fittStt€:^-r^ 
[02 1] ^i-^^WPHt^f-K/^^KtiOHfii^-r 

CIS 2 3] **M©*8*lfiWtbT03tSfi*Se2l 
*SCtC43»^ffl»^r*^0>m^5ttEB€:^"riat?* 

[02 4] **^CD«8 LT©3t«fi^agi8 
[0 2 5] *»^<0»8*JfiW*C*5^S*»«jftfitfe» 

[02 6] **^(0S9SllfiW<i:bTO3t»«««*SC 

[02 7] #369ia>»l 0 HjjfiW<fcLT0)3t»*»«*' 
st & ?k t* y D y ^ 0 "C & S o 

[02 8] *»Ha)*l lSam«<tbT<0*»*««36' 
^it^n y i7 0-C^^>o 

[0 2 9] *5E«©S1 l»Jitt^iI^ 

itcom i ^mm^T^u 7^0^*5. 

[03 0] *»H(D!B1 l*H«i:Lr©3t»«a«* 

[03 1] 2*Jfi«<!:L-C©3t»**«* 

3;£iK-f T/ny 270-^**. 
[03 2] *fe9J<0SSl 2^Jg^chbT^7t5>tSEM«^ 

[0 3 3] *5£W<Dmi 2^Mm£^T<Dftft&mMJj 

j^cDm, 2 ^mm^-r^u y ?m*v&z> 0 

[0 3 4] 3Hffi0tJ<i:UTcD7 , e^«^ 
[0 3 5] *58H<D|Bl 3**«i:UT<D3e»«iifll3S 

^com 1 mmm&^T-fu y?mT-&z> 0 
[03 6] 1 3 mmmii ut©*»«««* 

[03 7] 4HMB?il<hLT^7t^«C^«^ 
st£*t":/ □ ^ 0-C&£„ 

[03 8] (a), (b) «^ftlt)*M£Dil4i 

^0-e&£ o 

[03 9] $^^1 4*lg«i:LT©3e»««l«* 
[04 0] *589ia>gii 4jtlfi«ro»2«^0ilK:J:*^ 
[04 1] *X«o>flSi 5SfeBH£LT©3fc#«»«# 
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47 



48 



i iifiiHi^ 

1 a U-ify<^-- K 

1 b ^«g§ 

2 %V7<irt 

3 #EK 

4 gff[e]& 

4 a 3t7-f^^ 
4 b MfllBie 

4 c &ffi2§ 

5 Bg*«jg^ (fwm) mmmis—Yrt>Y 
7 mfc&u 

i o #eat* (B4t8->7fA) 

i i mmm 

12 <>^-r>*«» 

i 3 

1 4 



2 0 7fc£i£& 

2 1 mmm 

2 1 a SI/)icfM 

2 1 b - 2 1 e yt&mitffl 

2 2 

22a ytmm^ 

2 2 b, 2 2d 3t»H88 
2 2c, 2 2 e 3fc*fifl:ffi 

2 3 gmt& 

70 23a, 23c-23e 5£$MB8B 

2 3b ^t/mmSi^ 

24A, 24B, 25, 2 5 A— 2 5D 
2 5a 3tftf> 

26, 26 A, 26B 3tt*i468s 
2 7 ^U>hSffi 

2 8 

29A-29C 7-f7f- («J«^R) 

3 0 -fe>^— ^"^^7, (CO) 

20 3 1 e3i«Ftt»j3£#a 

3 2 h 



[H L ] 



[0 3] 



L=90km, P»+3<J8m t f «150GHz, n-16cH, 0=chl 



cM 2 3 A 



\ 



[HI 6] 




dBm I 1— 



155 156 




1 2 3 4 5 6 7 8 9 1011 12 1314 15 16 
Channel No 
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[02] 



i 

o 



-a 



J L 



ro 



^ %qj SVp 



CM 




<p $ 



L. 



I 2 el s a s si 

ii] i 

XXX X 

o o o o 



o 

§ MO 

V) 

o 
u 

- -30 



[H4] 

t_-90krn, P-43dQm, f*150GHr, n-16ch 









-o-3ch 










0.64 ps 




(— 10 nm) 





-o.5 o as 1 1.5 z 
chl Dispersion (ps/km a nm) 

[13 7] 



L«90km, P°OdBm, f-200,l30CHz 



2.5 




50GHz /div 



[13 1 5] 



13 12 



Ln-r«p 

2— lt7Htf 
10 -ft^ii* _ 

12— f>*fy*«* 

13 — AMOT 
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[0 5] 



[06] 



*fi02t-6x«, 

n o-H n+2 n+3 ft+4 n+5 n+m 

I 7 j. j^p** 9 .j 



1 



Af * Af' 



At 



n n+l n+2 



i I 1-1 



;tft — 



[IS 8] 



[0 9] 



8 



CD 
< 



5i ! " 



< m 



<] 



si i 



X 

< 
-H 

I 



^ X 





E 




c 




1 

n 1 




C ' 

i- 




c 
m 




c 

in 




o 































[0 10] 



chl 2 3 4 5 



6 7 8 9 10 



to 



9 8 7 6 — WftM^'HSt j 



[0 17] 

t chl 2 Id 



6*ard bond AXg AX* 
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4#H¥7 - 1 0 7 0 6 9 



rain 



[012] 



L»90 km, P^OdBm, 1=150,200,300 GHz 



L«90 km, P-OdBm, 1 *150,200 t 250 GHz 



-20 
-30 
-40 
-3D 
-60 
-70 
-80 





9ttQf{J bold 








- * — m — orYi4r H 

SL fi n m £ 1 
<p w « 6 

2306Kr * 


f =* 200 GKl c 




f*150GHX 








■ 







ch1-16 24.4nm 



100 GHz/div 



Guard b«sd 




Chl-»6-24.4n 



lOO GHz/div 



[IS 1 4] 



imi 3] 




r 



+ © I 



2 




i 



LJ + o I 



8- 
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[0 18] 



[0 19] 



l.2nn* 



DchfaO.03 pi/lnra lrnl 





• 200- 



5 10 

Fiber input power (dSm) 

10 Gb/s 
Lm-tu* » TOkm 
Pre- chirping 
NF- 8dB 



[020) 



[[32 1] 



Z«io DiBparxIan 



m 

3 -25] 



-30- 



-45 



Flb» Ungth «G0km f 
Input +4.0dBm/ehfj 
X* = iSSTnm 



-o-M*a*«r«d 
... Cotcalfittd 




1550 1952 1S54 

Signal Wavelength Xt (nm) 



L«7Ukm, P« +6 4Bm/Ch, CfOXt«1te— BOdB 



* 

c 
o 
m 





TI ' 1 1 1 ' 1 ' 

1 -0~ A- WDM 




R -o-tO-WOM 






- 

: 

J , — i — i — 





as 1 13 2 25 

Channel Spacing aXs (nm) 



12 7] 



,20:tftiL* 

25A 25A 25A 25B 



[^o] 

21 22 
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(30) ^OT7 - 1 0 7 0 6 9 



IH2 2] [0 2 3] 
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(31) 4#BH¥7 - 1 0 7 0 6 9 



[i26] 



12 8] 



21 



20 
22 



E/O 



^ x 22 | L_ 2 

L..J-B U.J 



24B 



20— frftitft 
24A.248 --ft4WC«Hir*a-^ 



[0 2 9] 




I I 








f" 











[03 8] 



(a) 



25 



26L4*ftMT ~j 




raTHB2HB 



25A 25B 25B 
(b) 



-25 




B1HB2J-|B2J 
25A 25B ^25B 
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(32) 4tra¥7 - 1 0 7 0 6 9 




[0 3 7] 

,25 

i 
/ 

r _______^ --- — , 

I f" 26:**fSs"! r 2s^ft*f [" zRKtiwsH | 

+-MbTP^C> ! ! f B2p^t> ! ! £ >= fB2l-j -f- 

25A 25B 25B 
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13 9] 



.-25 



26A:)t*f* 26Bjft# ffig 




25A 25B 25B 
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(34) ItHW 7 - 1 0 7 0 6 9 



[03 4] [03 5] 



si tm\*frtiovn5] 




CM Si 



34 0 ] 



28^1&*WtAVr-v- 
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(36) »BB¥7 - 1 0 7 0 6 9 



[[^4 2] 
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(37) 4#B§¥ 7 - 1 0 7 0 6 9 



[0 4 3] 




mthB] ¥^6^5^ 2 4 0 

mmttfmszi o o i o 

[MiE^ffi] «3E 

[0070] 3t7 7<A2tc<toeaisnfc«#*fi, 



filiieS 1 <B^**;Hfc£ 1 6 (n=16) . 
PH£150CHz, *77<A2COS^L$9 0km, 
;!/SfcO<03tA*^>7 — P€r+3dBm tlfcyXfAO 

Xi i ii =5.0 X10" 15 cm 3 /erg(esu) , Aetf =4.6 X 
10' 11 m 2 , a =5. 2958X10" 5 m" 1 (0. 23dB/km), d D 
/d A=0.065ps/(km ■ nm 2 ) tfe~3 TH*. 

[«**iIE2] 

[*£»Mfl«] 9JJBIS 
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&m¥-7- 1 0 7 0 6 9 



[«iE»*«B*] 0 0 7 1 

[0 0 7 1 ] H(Dm3\Z^X, m^(D 4 0. Ops* « 
(OEfttt. CHI (^**;US#1) 
-5. (CH No. ) attg*.£tc^>*l#« 

Bli»»^P-^dD/d XlZ'&z>T*g<f3.2> e m3 
lC^-r*fi*cfcO. CH2, CH3, CH4T(7)^n7h 
-^aaiflfcicSfc cn6^3CH2, CH 

3, CH4*caBLTW-»L/S:fe*«:ia4tC^"r. 

^4tC^fct^tC, ^PXl ^fi£3 0dBJ£* 

Ttcai^.5fc«tCtt, CH 1 (DftMm&Q. 64 ps/nm/km 
K±tw-rntf<t<, W^tfdD/d A=0.065ps/(km 

■ nm 2 ) ^ CHl^MifiSAo 1 Onm 

1 OnmO^f— KA*>K5SRS"rnif<fct^ 

[^««IE 3 ] 

HfIE**«JHB«] 0 10 2 

[0 10 2] Z<DM 1 8fC^fct-3tC, ftf-fr^MCfi 

tuasB i mmm \z & ^th 3 tc «t 0 ik^ l *t t> e> <h mm 

<fc, ^t^iH^MDchi £0.25ps/(km • run) «± 

lGD&SAi <t©«fiWHS*3. 8nm£JUt£**&fij&i& 
0, Cin**SllfiW<OFWMaiIEffl^— KA>H A A. 

MUMHIE4] 

HftiE*tftHg«] 

[*§IEF^] 
[0 112] £fc. 



0 112 



*SPM-GVDMi:«fcOft£$n*ffg»ilHID 

(Ao +AAo)A^^SM^ AAspvhevd 
= I D.i 10. 1/ (dD/dA) KfttDfitSTftS. £ 

©ts, 4»t i beiii"rffiTjao*»*iftfitf a 

spuHBVD [= (Ao 4- A Ao) — A Asphmbvd ] (L^-f^ 
[^tt«iE 5 ] 

MiE»«3HB«] 0 116 

[0 1 163 013 fc^-Tci; EDFAW 

(1550-1560ran) 
)V 1 GD&fiAi £fl|»*«<OfiRfi«T&S1560nml£K 
J£TZ>* COtl SSAi fcfc, Bt^bJtilODS FCD 
fMiSSAo A^fiKfifflltC (A Ao + A Ag ) fdft 
mtlfc$L&tfZZ> 0 £fz, [11 9 £9, S^K13 
cO^PiLR-re P =2 8 OkmT**fcot><DWS#««D 
ai.o. 1 ps/(nm- km) T* & CD "T , fi2|pTfi6fe(S^ 

JtifcfiKHHu BtJELfcifiO* &g (Ao +AAo)^S 
jUStSffll'V AAspm^cvo = I Da 1 low \/ (dD/d 

a) ^(dm^lx^d. 4jR<t ! bejiiniaEtfjar)*»« 

&gt££o£AAo €^§^t*$<»FS«fc«) 
tC, (Ao + A Ao)- A Aspm^cvd (b^t^iH© 

MA4 a-rs«t-5Jc»S"r^« 

AAspm^gvd , A Ao , Ao <D&M\$ % &V> O \Z& 
[*«*tIE 6 ] 

immnmrnm^i 0117 

[*iE3?ffi] 



3t77<A2+"C«)* [0 117] 

A A'spm^cvd = I Dai low I / (dD/dA) 

= 1(ps/(nm • km))/0.08(ps/(nm 2 • km))=12.5nm 
AAo = (A Aspm-gvd — A Awou — A Ag ) /"2=1.75nm 



Ao = A* +AAo + A Ag =1564. 75nm 

»KXP-^dD/dAWS^5^ A A 
spm^gvd *t*#<^:0, «6^*AAo £*#<ff£T 
Z>ZttfTZZ>£v\ZfcZ> 0 

MftjEttftWHfi] n«« 

[*iE»*JBB*] 0 119 



[0 119] BP'S, S-T. @ 1 4C0±^tC^T«i:3lC. 
3t77-fA2+T©SPM-GVDMi:J:0*^Stl 

^HF^^mfiiDaiio. t«fco»^snseiSprfig#«A 

Aspu^gvd ^tC, 4Z><D?-**)ls<Dm ^$:@BilT^ 
0 1 4(0T&KS-rcfc'5K, 3t»«a«B*fflv^T 
3tt^7<^^2©*»«ififiAo ^Ao ' I:y7h$t5 
CiitC^O, 4-r><Z)^ + *;UO{g#5t€:, a*^t±* 
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[ffimmmszi 0121 

[0 12 1] ^IT, 5t#«««B«C«fc03IIBO*»« 
SSAo £A Xocfzrtm&MMlZisy h 

ft*. SLfrtt±* e3|nIffi»«A Aspiihbvo rtfcEBl* 
C¥«!ijE9] 

[*tiE»«flB*] 0 12 4 

A Adc= (2 • A Ao — AAspk^ 
— (2 X9.5 -12.5) + 3 

1 1 ] 

HfiIE*t«Mi«] ^8B« 
[«jE»««i«] 0 13 3 

[0 1 3 3] IPS, ^ 2 3{C^-rj:-5Jw, 3t^7-f A2 
0*»*«fitf&t?€r«H(7)fiffll£SSS (Ao -hAAo)ct 

2(c^t^rro*»«ififitfe>t3#KHwfi«fiffl (Ao 

+ A Ao)«tO fcfijftfifflUCW:, FWMffllBEffl^f- KA> 
HA Ag £RW\ ?SS (Ao + AAo + A Ag ) 0 *> 

tt. ^t^H©»SAi tt, DSF (5t^r<A*2) 
<0*#*iKftAo ^SfiSKfiffllC (AAo + AAg ) 

wmnfctiBJcKjEsnTt^ [«s (Ao +aao + 

A Ag ) d^t*JH08fiAi <fc— sn>«fc5K:K5£ 
[^««iE 1 2 ] 

[«tiE»Mfa«] mmm 

[*HES**«a*] 0 13 4 
[}§IE^£] 



co i 24] ia i 4 coT^tc^-r^ 5 tc, 

ttiftfitf ^^^^TK^&ffiififiiW^A Aspyjsvo 

A Ao(uai)= (2 ■ A Aspujjgvd — AAidu ) /2 
= (2X12.5-6) / 2 =9.5nm 

t^o, do<h^, »«li«a©^tta)*»ts:ififiA 

[^KMIE 1 0 ] 

[«iE»«3Sil*] 0 12 6 
[*iIE2rtt] 

[0 12 6] ;i<7)<h#. »«»«Sfi'>7MAA 
octt. Ao -Ao ' -c&o, KT©«t'5«C*«>e>ns. 
cvo ) +A Ag 4-AAtDii 
+ 6 =15. 5nm 

[0 13 4] *ISlfiW"Ctt, *77^fA2fC© 

S P M - G V D»*tC <fc 0 ft£Stl5ttS»«BD 
allow fC^OaS^nSgjg^^A Aspiljsvo ft 

0, ^2 3tc^Tcfc^t^ eignTflE^ft^JEKfilBH 

(Ao - A Ao)j&>e>ft&fifflK, AAspm^cvd 
= | Dai low 1/ (dD/dA) £ 

Ao ^T 5 ^^/cHt^:^<f^-r-6/z^{C. KA 

s p m_2_g v d [= (Ao — A Ao) 4- A Aspmhsvd ] t.J'^r^ 

;U4cD^SA4 tat— SrT 5«t5i:R£Snt^S. 
[¥^SSIE 1 3 3 

[*IE***JHB*] 0 13 7 

[»jEW«] 

[0 13 7] IP*, H2 4£>_tg:fc^-f J:?tc, 

Jt7r<A2ifCfl)S PM-GVDja*tC«fcO*SStl 

Aspm^cvo fl-ici, 4o<0^**^cofI^;3fc£iEKLTj&* 

3t7 7<A2©*»MfiAo £Ao ' \Zi/7h2l±Z> 
C£\Z&K>* 4t?©^V*;MD«*f3fc£, JtoHt±, £ 
j£pIS6#«A Aspm^gvo flfCEfil/tU4. 

[*«HtiEl 4] 

[«iE»MS«] QUO* 

MiE»MI«] 0 13 9 
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[0139] ^Lt, 5t»*««»»C±0*R«>«»» 

S^Ao £AAoc (=Ao ' .-Ao) tfttfiiftfiffllC -> 

SO^rtOTPBA^fiftfiffll^A Aspiijivd <DiEH£^# 
ftififitf ^^^©TKA^JSKfiW^A Aspu^gvo (Die 
Httffifc^ ff^^^^A Aio«<h£-gt£ 

[^««iEl 5] 
[4ftiE**ftSSi«] 

[«iES*«JSS*] 0 17 8 

[»IErt*] 

[0178] £bfC, 036 \Znk-t£?\Z, §lli2 3 
lC3fc$Htm«»3.= y h 2 5 ^<fl&2 3 

■fr<Z)3t»«»«»3.-y h 2 5 A, 2 5B£I£®LT£: 

^tc mi 3joisw<o3t»«m«^aK:j:ntf, 3teai 
^2 od*svwcfts<o»fe*m^3t&*a<bbTei2i-r 

az 7 h2 5A, 2 5 B £I3:g-r£ C <h tc£ 9 . ±i£L 

i^mmm 1 6 ] 

[»iE»«3BB«] 0 18 1 
HfliErt*] 

[0181] ±i6l,fcSS9-~ai 1 3^5£^JTti, 
jjjLZ7h 2 4A, 24B, 2 5, 2 5 A, 2 5 B <£> 

tt, ftftSHMMt^* b 2 5, 2 5A, 25BB^ 

£. «AH i3 7i:^tJ:^(;, 3C»«««^.-y H 
2 5*«US-r**3C»«*l«3.= y H2 5A. 2 5 B <£> 

H9at>L<ttaatc, ft5t»«*«s^--u/ f-2 5 a, 
2 sB\z&z>ftm&£Mmi'?z>ytmmm2 6 ^w^nu 

[^««iE 1 7 ] 
[*iE»»a«] 0® 
[«iE»Ml€] 0 3 
[MiE^ttl ^Jg 

[03] 



L*90km, P-+3dBm ( f -iSOCHz, n-16cH, O-chl 
Or 

m -10 - 




1 2 3 4 3 6 7 8 9 1QU 12 13 14 15 16 



Channel No 

i^mmm 1 8 ] 
h§ie***ssi*j mm 

[|§IE2;*£] i£M 
[04] 



LoSOkm, P»+3dBm, f»15QGHz, n»16ch 




chl Dispersion ( ps/nm/km) 



[*HMiIE 1 9 ] 

HtiEJSrffi] ^JE 
[0 7] 
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(41) 



4#HP1¥7 - 1 0 7 0 6 9 



L«9Qkm, P-CWBttj, f-200,l5OGHz 




SOGHz/div 

immmiE2 0] 

niIE*t**B*] 0 1 1 

[nil] 



[3MMHIE2 1] 
[*BiE*t*«a*] HI 2 

whew*] 

[B12] 



L-9Q km, P-OdBm.f -150,200,300 GHz 




ch1-1G*24.4nm 



100 GHz/div 




(51)lnt.CI. 6 ^S»JIS^ /rrt»3#*f FI Sft&^fliBr 

H0 4B 10/18 

(72) sew* mm 02mw% 

#3SJllftJi|«Jrfr+JRK±/hBa + l0l5Sj6 #3SJH»ii|«flj*JHE±/hffl*l0l5#«6 
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